Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



THE INTERNATIONAL SCIENTIFIC SERIES 

VOLUME LXIV 



THE INTERNATIONAL SCIENTIFIC SERIES 

VOLUME LXIV 



BY THE SAME AUTHOR. 



The Origin of Civilization and the Primitive 
Condition of Man^ Mental and Social 
Condition of Savages. 

With lUnstrations. 8yo. Cloth, $5.00. 

Prehistoric Times, as illustrated by Ancient 
Remains and the Manners and Customs 
of Modem Savages. 

Cloth, $5.00. 

Ants, Bees, and Wasps. 

A Becord of Observations on the Habits of the Social 
Hymenoptera. With Colored Plates, 12^lO. Cloth, $2.00. 

The Pleasures of Life. 

12mo. Cloth, 50 cents ; paper, 25 cents. 



INTERNATIONAL SCIENTIFIC SERIES. 



Ea^ boo^ oanplete In One Tolnme, 12iiio, uid bnrnd in Olatlii 



le Applicni 






Illoi- 



t. PHYSIOS ANH POLITICS: Or, ThouglitB on t 

clploB of "Natliml Selection" and "InliBrll. 

B7 Wij-TKB BiQHaor. 81.60. 
a. FOODS. ByEnwABiiSBiTB, M.D., LL. B., F.H.8. With ni 

IntionB. S1.75. 
*. KDiD AND BODT: The ThflorieB of their BotiUou. Bf AiuxiJtDiB BiiH, 

LL.D. With 4 IllDBtntians. (1-50. 
B. TSZ STDDT OF SOCIOLOGY. By Hsbbbbt Sp««ckb. ll.Sft 
B. TBB NEW CHEMISTRY. B7 PiofcBaoi J. P. Coosi, at Uuvsrd UniTGt- 

•ItJ. With 31 IllnalniUonB. $100. 

IWiBT. M. A., 



KESPONSIBILITY IN MENTAL DISEASE. Bj Hehbi MiuoeuiT, M. D. 

tl.KI. 
THE SCIKSCB OF LAW. By Piofetwir Sheldon Amob, $l.Tfl. 



\ 14. THE 



EFFECTS OF LIGHT AND PHOTOGHAPHT. By Dr. 
r VoolL (Polytechnic Acaiiomy of Berlin). TianBlalion Ihoronghlj 
With 100 Dlogiratione. (3.00. 



118. THE DOCTRINB OF DESCENT AND DARWINISM. ByProfe 
Bamam (Stnebnis CnivareiTy), With 3S lUmtrBtlonB. fl^O. 
14. 1 
U). F 
U. 1 



U. THE mPE AND GHOWTH OF LANGtTAOE. Bj Profesf 



Sc CO., 1 



ionaJ ScUnti/lc Sjrtaj— (Conllnaefl.) 



S5. VOLCANOKS : What Ihcy Are and whnt Ihej TDach. By John W. Jitod. 

F.K.8., ProfBBBnr of QeologJ iu Uie Eujul Scliool ut Mines, With 9611- 

InaliaUoaa. (1.00. 
M. aUICIDB: An Essay la Comparative Moral SullaOca. By BxriRT Mgn- 

■BULi, M.I»., ProIcBBOt ol PeyclioloBical Mealclne, Royal UniYBrttiy, 

Tarin. 11.75. 
S! THB FORMATION OF VEQETABLB MOULD. THHOUGH THE AC- 
TION OF WOBM3. WlLh Obienatloua on Uieir Habita. By Cdablh 

DiBWiN.LL.D., F.R.8. With lUaBtraaoDB. H.BO. 
B8, THE CONCEPra AND THB0KIE3 OF MODBRN FHYBIC3. By J. B. 

STitLO. 11. T5. 



89. TDB BRAIN AND ITS F 

*0. MYTH AND 8CIBNC8. By TlTO ViGi 

41. DISEASES OF MEMORY: 



BjJ.Ldib. fl.BO. 

DLl. tl.W. 

a Iho Poeilive PfljcSoIoEj- By Ta. 



RIBOT, BUthOT of "Ueradity." fl-BO- 
ia. ANTS. BEES, AND WABPS. A Record of ObpervBtlnnB of tho nnblta of 

the Social Hymenoptera. By Sic loan LCBBUCK, Bart.. F. B. B., D. C. L., 

LL.D., etc. t^.OO. 
4a. SCIENCE OF POLITICS. By SnKLDoN Ams. fl.TS. 
44. ANIMAL INTELLIGENCII. By Geobqe J. BoxANIS. H-T^. 

By N. JoLY, CoireapoDdent of ihe InatltnU. 

«. THE ORGANS OF SPEECH AND TtlETR APPLICATION IN THR 
FORMATION OF AKTICTL.^TE SOUNDS, By a. H. ton MKrm, Pni- 
(teBBor In Ordinary of Anatomy at tliB UDlveraily of ZBricb. With 47 
Wooden ta. S1.7B. 



I. FALLACIES: 



View of Logic from ILo Praclinal Side. 



i. ORIGIN OF C0LTIV4TED PLANTS. By 



60, THE COMMON SENSE OF THE EXACT SCIENCES. Bv the lalaWllL- 

UH KtBGBON CLIFroRB, Jl.M, 

M, PHTSIO.U^ EXPRESSION; 11.9 Modos nnd Prlirelplea, By FBiNOiB Wab- 
HBB. H,D.. ABBlBlanI Phyalclan. and Lectnrer on Botany lo tlie London 
Hospital, oti, Willi (il UlaBtrslionB, Jl.TB. 

G9. ANTBROPOID APES. By RoBKBT HABTnANN.FrofeaBorln thflDnlYertlly 
of Berlin. WIthM ElnatrallonB. (l.TC. 



SoffYork; D. flPPLETON & CO., 



S.&6 



al Sdmtille ^Serial— (ConHDned.) 



1. COMPARATIVE LTTERATCKE. Bj HrrcHBEOM Maciclat PoaiorT, 
M.A^ LL.D,. F.L.a.. Borri»ler-at-Law ; Proresiorof ClaaBlcBandKn^ih 
Lltcrotura. UnliarBity CoUpgo. AnUuid, Non ZeBluid; Buthor ol "Tbe 
UiBtorical Metbod." etc. (l.TS. 

S. BARTHQtTAEES AND OTHEB EARTH UOVEHEKTS. B; John Kast, 
ProHiBiior of HiniDs am) Geulo)^ in Uw Imperial College uf Eugtneeiing, 
Toklo, Japan. Wuh 38 Figurea. (1.76. 



DI3TE1BOT10N 



D BiNET and Cbableb Fiafi, Aarif Unt 



With IllDetratloiiB. By 



a. TBE ORiaiN OF FLORAL STRUCTCRES, THROUGB INSECT ASD 
OTHER AGF.NCIE3. Bj Ihe Rct. Gboeok Hisstow, M. A., F.L. S., 
F. Q. 3. WlLb 8S lUiutraiiang. 



THE INTERNATIONAL SCIENTIFIC SERIES 



ON THE SENSES 
INSTINCTS, AND INTELLIGENCE 

OF ANIMALS 



WITH SPECIAL REFERENCE TO INSECTS 



BY 



Sir JOHN UEBBOCK, Bart. 

M. P., F. RrfiCTS. C. L., LL. D. 

AUTHOB OF ''ANTS, BBSS, AND WASPS ; *' "FBBHISTOBIO TIXBS,^* BTO. 



WITH OVER ONE HUNDRED ILLUSTRATIONS 



' . •.•**:" " - - • - J • a ^ * "^ • 



NEW YORK 
D, APPLETON AND COMPANY 

1888 






• • «•*••» to to«k.*i»>tob k 






PREFACE. 



-♦o^ 



In the present volume I have collected together soiue 
of my recent observations on the senses and intelli- 
gence of animals, and especially of insects. 

While attempting to understand the maimers and 
customs, habits and behaviour, of animals, as well as for 
the purpose of devising test experiments, I have found 
it necessary to make myself acquainted as far as possible 
with the mechanism of the senses, and the organs by 
means of which sensations are transmitted. With this 
object I had to look up a great number of memoirs, in 
various languages, and scattered through many different 
periodicals ; and it seemed to me that it might be inte- 
resting, and save others some of the labour I had to 
undergo myself, if I were to bring together the notes 
I had made, and give a list of the principal memoirs 
consulted. I have accordingly attempted to give, very 
briefly, some idea of the organs of sense, commencing 
in each case with those of man himself. 
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SENSES, INSTINCTS, AND INTELLIGENCE 
ANIMALS. 



CKAPTEK I. 



IHTRODCCTOHT REMARKS. 



The organs of sense may be said to be the wiudowa 
through which we look out into the world, and it has 
always been to my mind one of the most interesting 
problems of natural history, to consider in what manner 
esteraal objects affect other animals, how far their 
perceptions resemble ours, whether they have sensations 
which we do not possess, and how we ourselves arrive 
at our own perceptions, 

I propose to ilwell in the present work especially on 
the senses of insects, partly because my own observa- 
tions have been made principally on them, and partly 
because their senses have, perhaps, been on the whole 
more thoroughly and successfully studied than those 
of the other ioiver animals ; wliich again arises from 
the fact that no group offers more favourable oppor- 
tunities for the study of these organs. The subject is 
no less vast than difficult, and I do not pretend in any 
way to give a complete vii^iv of tiie whole question. 



2 



DlFFICDLTy OF THE SUBJECT. 



bot have nelected those cases which seemed to me the 
most suggestive, intertstrng, and mstructive. 

No one can doubt that the sensations of other animals 
differ in many nays from ours. Their organs aresoine- 
times constructed on di6'erent principles, and sitnateci 
in very unexpected pliiCL-s. There are animals which 
have eyes on their backs, ears in their legs, and aing 
through their sides. Nevertheless, in considering the 
different senses, it will probably be most convenient to | 
begin by a nhort suntraary of our own organs, as afford- 
ing the best clue to the purposes and fuuctious of cor- ' 
responding structures among the lower animals. The 
subject is one of very great difficulty. Even as regards 
our own senses, we are still in extreme ignorance. The 
clue afforded by anatomy is very imperfect, and some- 
times almost misleading. No one can read the literature 
relating to the organs of sense without feeling how 
very little we really know on the subject. Even when, 
as especially in the cases of the organs of hearing and 
sight, we have careful and elaborate descriptions and 
figures of very complex structures, these relato rather 
to the separation and ari'angement of the waves of sound 
or light, than to the actual manner in which they affect 
the nervous system itself ; while as to the manner in 
which our perceptions are in turn createii, we ai'e almost 

I absolutely ignorant. In the sinuses of taste aiul smell 
this becomes, [rerhapa, even more clearly evident. 
Every cell, indeed, in the animal body is a standing 
miracle. Consider what it has to do. It must grow; it 
must assimilate nourishment; it must secrete ; it must 
produce other cells like itself; and this often in addition 
to its own proper and distinctive function. The lowest 
animals consist but of a single cell. ■ Yet they feed and 



THE LIFE OF A CKLL 3 

digest; tliey grow and multiply; they move and feel. 
Tbeir perceptions, indeed, are no doubt confused and 
undifferenliated, aud perhaps devoid of consciousness. 
The soft protoplasm of which they consist ia dimly 
affected by external stimuli, as, for instance, by the 
waves of light or of sound. Thesi? forms, however, are all 
minute, and, indeed, almost invisible to the naked eye. 
The larger animals are built up of a number of foils. 

Let us, then, cousider the possible modes in which an 
organ of sense, say an eye, may have originated. 

In the simpler forms, the whole surface le more or leas 
sensitive. Suppose, however, some solid and opaque 
particles of pigment deposited in certain cells of the skin 



'imiaBBtDic 



or liypofltnnic J»yer. 



(Fig. 1). Their opacity would arrest and aljsorb the 
light.thus increasing its effect, while their solidity would 
enhance the effect of the external stimulus. A further 




sti'p might be a depression ia the skin at this point, 
which would aei'Ve somewhat to protect these differen- 
tiated and more sensitive cellf, while the deeper this 
depression the gi-eater would be the protection. 

The epithelial cells frequently secrete more, or less 
matter, which may- form a more or less solid ball. 
This might be set jn vibration by the sound-waves, 
and would thus increase Ihe effect on the-epithelnil 



4 POSSIBLE MODES OF OHIQIN. 

cells. Such a bculy ia koovrn as iin otolitlie. On the 
other hand, it might serve as a lens, and by condensiog 




Fig. 3.— Diagrim of ortgin of sMnM-or^n. c. Cuticle; 4. byp.idcnn i* «, ner 

the li^rbt wuuld act like a bumiog-glass, aad increase 
its effeot on the cells below. A further stage would be 




Fig. 4 DUgram of further al.^ In tliscrlgiD of a sense- orgm. 

that the immediately subjacent cells, acted on by the 
Increased stimulus, might (Figa. 3 and 4) develop into 
special nerve-tissue. 

■ • I.e. t\:e cellular luj'ot btlow the outide. 



OF 8ENSE-0B0ANS. 5 

Nor is I his a merely imagmary case. Each of thu above 
staged may be found in actual existence— tliat, for in- 
stance, indicated inFig. 2 ia the limpet (Fig. 92); Fig. 3, 
in Trochus (Fig. 93); and Fig. 4 in tlie snail, Helix 
or Mni'ex (Figa. 94, 95). Eecent retenrches indicate 
that the eyes of Arti^iilata (insects, etc:) have, in some 
cases at least, a similar history. But more than th[^, 
if the development of the eye of an individual snail be 
watched in the egg, it will be found to pass sufceasively 
through stages resembling Fig, 2, ihen Fig. 3, and 
then Fig. 4. 

In other cases, however, the organs of sense have a 
different origin and history. Suppose, for instauce, 



inn aifl p ii Em: 

FlE- D. — Diagram dT origin of A Kase-nrgjiti. 

that the hypodermic layer were at any spot (Fig. 5) 
somewhat more strongly developed than elsewhere; in 
that case, the cuticle secreted by Ihe hypodermic cells 
would tend to be rather thicker than usual. This would 
again (Fig, 6) constitute a lens, and serve to condense 
the light. That certain eyes have actually arisen in 
this way is indicated by Fig. 7, representing a section 



Fig. e.-Disgrsn. ..f fi.rihrr stag,, m ibc ouem of a scn^e-orgao. 

through the eye of the larva of a water-beelle 
(Dytiscus), Nor, as we shall presently see, do these 
two types of development by any means exliaust the 
ways in which eyes may originate. In the two cases 
given the eyes originate from the skin, but in others — 
fir instance, in ourselves — the percipient elements are 
formed from the central nervous system. 



I 



6 OBiaiN OF EYE AND EAB. 

The tissues of tlie lowest animals have not been shown 
to contain any special neive-fibri's, but underneath those 
, parts of the surface 

where, either in the 
manner indicated above, 
or in Slime other, the 
efTei'ts of external stim- 
uli are heightened by 
any structural modili- 
eations, there would be 
a tendency to the speci- 
'(■ll^'r'olSchM) "'a* al'zation of an exr>ep- 
tis"'r'"ieto».° ' "■ **' 'ionally sensitive tissue. 
Moreover, such an 
organ as that represented in Fig. 4 miglit serve either 
as a rudimentary ear or an eye. It might, indeed, be 
acted on by the waves both of light and of sound. Such 




organs— 



I, for instance, 



thee 



B of marginal bodies 



round the edfje of certain jelly-fishes (Mediif 
Figs. 8 and 5UJ — have befii regarded by some naturalists 
as eyes, and by others 
ears. Haeckel suggests " that 
Slime may be warmth-organs. 

Fig. 8 represents one of the 
marginal sense-orgnna of 
Medusa (Ontoohis), where we 
have a row of brilliantly re- 
^'* ^■"di'ii^u^THwSoif ''"'°' fi"a''tivG spherules, whiiih from 
analogy are considered to serve 
as otoliths ; but which, under oth^r circumstanceB, 
might be, and in fact have been by some, regarded 
as the lenses of a simply constnicted organ of vision. 
* " Eeport oti Dttp Sea Medue»," ■' Cliolleiiger Reports,'' vol. IT. 




^M TBE SENSE OF TOUCH. 7 

^H Even among the most liiglily specialized orgMiis of 
^B Bense, it is imposaible not to be atnick by the simiUrity 
^H between the cones in the retina (Fip;. 79) and certain 
^K organs in the antennaa of insects (Fig, 42) which are 
^^B generally considered as oll'actory. It does not follow 
^^B that an organ with a nerve, a lenticular body, and 
^^P pigment, should necessarily be an eye. Nor, on 
^H the other hund, is there anything in the atrncturs 
^K of the organs, for instjnce, of smell or taste which 
^^ft throws any light on the perceptions we receive from 
^H them. That there should be separate nei've-fibrils in 
^^1 our own skin, not only for the sensations of temperature 
^^B and of touch, but, as appears from the researches of 
^^1 Blix and Goldschneider, even of heat and of cold, we 
^Hf had not anticip^ed d priori; and it would be dii^cult 
^^K to prove in any animal hut ourselves. 

^H The Sense of Touch. 

^H I commence with the sense of touch, as being the 
one which is most generally distributed, and fi'om 
which the others appear to have been in some cases 
developed. Tlie senses are not, indeed, as already 
mentioned, always to be easily distinguished from one 
another; and it would seem that the same nerve may 
be capable of carrying different sensations according to 

I the structure of the end organs. 
The sensibility of out skin appears to be mainly due 
to a plexus of fine nerve-fibrea, which end in free termi- 
nations betiveen the cells of the skin (rete mncosum). 
There are also in some parts of the skin two sets of 
minute corpuscles, whichare called after their discovered, 
the firdt Vaterinn, or more commonly Pacinian, cor- 
puscles; the second, Meisaner's or Wagner's corpuscles. 



! THE onr.ANS OF TOUCH. 

Tlie Fuciiiiuu cor|iiis*le8 consist of u capsule formed 
of several layers, one enveloping the other. The 
undulating nerve-filires, after several windings, enter 
the capsule, which, indeed, scfms to be nothing 
more thnn a much-tliii'kened end of the outer nerre- 
coat. These corpuselea measure from I'l to 4-5mxa. 
They occur principally on ihe hands and feet, and 
in the flexures of the joints, but occasionally also 
elsewhere. 




MeiBaner'a or Wagner's corpuscles are cone-like or 
egg-shaped bodies, in each of which a nerve termi- 
nates, after several convolutions. They are especially 
numerous at the tips of the fingers, where there may 
be as many as a hundred in a square lino. They 
occupy the papillie (which, however, do not always 
contain one), which give the surraee of the hand its 
peculiar striped appearance. They also occur, though 
less numerously, elsewhere, as on the feet, breast, and 



NERVES OF TOUCH. 9 

It appears probable, however, that tliese are rot 
I really tlie orgaos of toufb, but rather, pei'iiaps, guards 
1 or protectors of the true and very seneitivo organs 
vithiu. They are, do duubt, most numerous on the 
I more sensitive parts of the ekin, such as the handa and 
I tongue, aud the sense of touch is most acute where they 
I occur; but they appear to be abaent in some ptacca 
I where the sense of touch certainly exists, and they 
I are abundant again in the foot, >vhich, though not 
[ especially sensitive, is parlicularly exposed. 

The sensation of pressure ia intimately associated 
I with the hairs, which no doubt serve, at any rate in 
I cases, for protection, but which, in Blix's • opinion 
I are in man probably all organs of touch. 

We have atili indeed much to learn as to the 
1 terminations of the nerves in the skin. It would seem 
[ that some are connected with cells, while others termi- 
I nate in a free point. Merkei has suggested that tliose 
I which end in cells are the true nerves of touch, while 
I the free nerves record changes of temperature. Others, 
I perhaps with more probability, have supposed that the 
nerves convey merely a general and undifferen- 
l tiated sensation, while those which terminate in cells 
I give the specific impreesiona of pressure, heat, cold, 
I etc., any one of which may be intensified into pain. 

However, this may be, Blix * and, shortly afterwards, 
I Goldschneider t have made the interesting discovery 
[that we do not feel changes of pressure aud of 



"Esper. Beitr. inir I^anng' derFrage Qbex die Specif. Energie det 
," Zeii. /Sr Biologic, ISiiS. Blii'a previouB papers iu Upiala 
K Jjakan-foreningi FdrhandUngar, 1SS2, 1 huTe not Btsn. 

" Monntschc. f iir pmlit. Dermatologie." 1S84. " Neue TLiiteachen 
Vs. die HauptBumcsueiruQ," Zool. Am., lG8j und ISSd. 
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6EMSE OF TEMPERATtTRa 



tumporatiire nt tiie pame points of the ^kln or by tlie I 
same nerve-end:'. The feeling of prej^sure eeems 
be intimately assodated with the hairs, which is not ] 
tlie case with Bt;iisation9 of tempcratuiv. Ii)ven the I 
feelings of heat and cold are also separate. The^e | 
three sets of points, ind(;ed, are so near togetlier that 1 
the separation had hitherto nut been observed, espe- I 
t'ially 08 they are closely intermixed. They have a I 
tendency, however, to arrange themselves in more or 
less curved liuea, Goldscbneider experimented with 
a fine point, which be passed over the skin, thus 
testing it sometimes for pressure, sometimes with I 
a warm point for heatj sometimcd with a cold point fur I 



.»>■:■■■ ^ 



cold. Moreover, if he raised the points thus determined i 
nilh a fine needle, and snipped off tlie fiagment of the \ 
skin, he found that the retjultinr; sensation was quite [ 
different in the three cases. If the point removed I 
was a " pressure -point " the sensation wus one for the I 
'moment of pain ; while the temperature-points gave i 
one respectively of heat or cold. The terminations of-'J 
the temperature-nerves are, according to Gold Schneider, 
much finer than those of the pressure-nerves, and they 
are also fewer in number. He cut out from his own 
skin a large number of sensitive points, but, while he 
found that each corresponded to a nerve-end, he has 
not been able to discover any difference at or in the 
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termintition of the nerves corresponding to these differ- 
l ent sensations, thongh it may leasonably be ez[iecte(l 
I that such must exist. 

The quetitioTi has arisen whether there arc separate 
■ nerre-entiings for pain, as apart from preBsure, etc. ; bat 

the observations of Elix and Goldschnoider appear to 
I show that pain arises morely fiom tlie intensification of 
I other impresaions, and that it does not rettrde in uny 

special organs. 

Sekse of Todoh among the Lower Animals, 

Among the lower animals the outer skin is often 
I Tety sensitive, but we know scarcely anything as to the 
minute structure of the organs of tactile perception. 
In some cases they are, no doubt, very simple; but in 
others it will jirobably be foond that the apparent 
simplicity is due to our deilcient information and means 
of investigation, rather than to any want of eomplesity 
in the organs themselves. 

In the Ctclenterata (zoophytes, etc.) certain setfe, 
fltipecially on the tentacles and near the mouth, are 
generally regarded as organs of tourh. 

In the epithelium of many of the lower animals, two 
forms of cells may bs detected. Some unmodified, or 
indifferent, wbii:h form the general substance of the 
epithelial layer; others more or less specialized, which 
are seldom absolutely contiguous, bat generally sepa- 
rated by one or more of the indifEerent cells. 

In other cases, nerves may end abruptly at the 

cuticle without the latter presenting, so far as our 

present means of investigation have shown, any ap- 

^ parent change ; as, for instance, in the follotviug 



Sf^TQ of a part of the skin of a small worm 
I (Nereia). 




tbronfh Itie brain and binder p4ir of ej%« of ^'trfis 
I, Hy^idemi i i. cuticle i 3, retknn : 4. fruter conval 

•en Uia cullcle l> unilLHed ; g, gelatlnuua budf. 

AmoDg tbe Mediisse (jelly-fishes), also, the supposed 
tftotile organs are ciliated cells (Fig. 13), which scarcely 
differ from the other epithelinl cells, but which ter- 
minate externally in a cilia, and internally in a nerve- 
flbril. 




In other cases, the tactile hairs scarcely differ from 
those covering the general surface. Fig. 14 represents 
part of the skin of a sea-anemone, the long cylinders 
are nematocysts, or thread-cella — elastic sacs, in the 
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iuterioi' of which lies coiled up a long filament, which 
' is often serrated at the end. Even a 

very slight pressure eauaes this thread 

to spring out, and these little darts, 

which are present in immenae numbers 

in the skin of Hydrozoa (jelly-flsh, etc.), 

serve both as weapons of defence and 
I also to wound the small animals on 
I "which they feed. 

nz represents a nerve-cell, and it will 
' be seen that the hair in which it ter- 
! minates does not materially differ from ^'pon Jf ™e^"i of 

the rest. ii^t^»™™K™il 

In the Anuelides, also, Ibe general ^u; m.^SIdS 

anrface of the integument (Fig. 15) ""' 

presents tactile aette or ciliBe, which are scattered over 





' tlie surface, and especially on the head. In some cases 
• " Sj-flt. un.l Morph. der OUgocliceten." 18S4. 



14 



MOLLUSCA. 



these setsB are collected iuto Bpeeial groups, eithej 
situated in ciip-ehaped depressions of tlie Bkiii, or t 
more or less elevated papillae. Fig. 15 represents t 
anterior part of llie body of a small fresli-water won 
(Bohemilla), and shows clearly the small caticnlav, i 
the larger tactile, hairs. In other cases, as in thnfeelenj 
and cirri of the Alciopidre, there are short., shin 
ovoid rods, to the base of which rnns a nervous fibril. 

In the MoUusca, also, the surfai'e of the skin is veryfl 
sensitive, and is generally provided with minute setra^f 
especially on the tentai:les, or as in Lameliibranchiata 
(mu8s«ls, etc.), on the edge of the mantle. In some, the 
snail for instance (Helix), the nerves, on approaching 
the skin, have been ascertained to divide into a plexusj 
of fibrils. 



Fig. IS,— Diagnin 

b.'enlarged cpitlielial 




iDi (iRn Sempa^^ 



In Oneliidinm, a genns of slugs, Semper describes as 
organs of touch (Fig. 16) certain slight elevations of the 
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ikin caused by the cuticle being somewhat thickened. 
Beneath tbese the epithelial cells are larger than usual ; 
aud under them, again, lies a cellular mass, the minute 
structure of which he was not able to determine, but 
which is connected with a nerve. 

On the mantle ol' the Chitooa are atao certain 
well-defined organs, prottably of touch. They occupy 
pores in the ahella, and resemble ohconical or somewhat 
dice-box shaped plugs nf trauaparent, highly refracting 




Itiaaue. The terminal knobs end in flat discs, which 
show a series ofconcfntric rings, as if compostd of a 
eeriea of concentric layers or inverted conea fitted one 
within the other.* Each one terminates in a nerve- 



' MoBtley, (}iiarUTly Jowrnof of Xicroiropinal Socictj/, 1 
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fibre. They aro of two distinct sizes, which Moseley 
proposes to call macrcesthetea and micrcesthetea. 

In many animals, as iu ourselves, the outer ekiii is 
soft and susceptible to external impreBsions. In Insecta 
and Crustacea on the contrary, the inuer skin, or hypo- 
derm, is covered wilh a more or less think layer of 
horny substiiDce known as chitine; and, from the 
nature of their chitinous integument, it naturally 
foUows that the sensatiuns of injects, excepting that 
of sight, are effected by means of variously modified 
hairs. We know, however, so liltle, in the first place, 
as to the real means by which animals, including 
man, hear, smell, or taste, and, in the second, as to the 
intimate structure of their minute organs, that we are 
often ia doubt, and there are still great differences of 
opinion whether a given seiiSB-hair serves for hewring, 
smell, or touch. 
The hairs of Arthropods belung to very different 




\ 



categories, some of which we may perhaps distinguish 
as follows: — 

Those under which the chitinous integument is entire. 

1. Ordinary eui-face hairs (Fig, 18, a). 

2. Plumose natatory liairs (Fig. 18, b). 

Those under which the chitinous integument is per- 



SENSE -UAIKS. 



17 



l.forated, and a special tierye-Rbre runs to the base of the 

1. Hairs solid, 

(1) Hairs attached stiffly ; organs of touch 
(Fig. IS,.). 

(2) Hairs attached by means oF a thin mem- 
brane, sometiraeB plumose; organs of hear- 
ing (Fig. 18, d). 

2. Haira hollow, and either open at the end, or 
I closed by an extremfly delicate membrane. 



(1) Hairs containing 

nervous plasma; 
orpuns of smell 
(Fig, 18, e). 

(2) Hairs generally 
very short, and 
aituaied in the 
mouth or on the 
mouth part ; or- 
gans of taste 
(Fig. 18,/). 

Each of ihefiB classes 
ia again subject to end- 
, leas mod ideations, and 
f others will doubtless here- 
ftafter be discovered. The 
RRense-haii'S are also often 
rmore or less completely. 
8tmk in the chitinous in- 
tegument. 

Fig. 19 shows some of 



a continuation of the 



_ the tactile hiii 
I seated o 



a ganglio 



a the proboscis 





haiii Iff. guigUaii at 

The terminations of the nerves and tlieir connection 
with the sensitive hairs are also beautifully shown in 
some of the transparent water-insects. Fig. 20 repre- 
sents part of one segment of the glassy larva of a gnat 
(Coreikra plumicomis), showing the tactile hairs (Fig. 
20, h, th), and the nerves connecting them with the 
central gangliun {Fig. 20, EG). 



CHAPTER n. 



THE SENSE OP TASTE. 

' While the organs of touch are spread more or less over 
the whole surface, and those of sight and of hearing 
may be, and in fact are, situated in very different parts 
of the body in different animals, the sense of taste is 
naturally confined to the month or its immediate 
neighbourhood. 

In the case of Man, it resides especially in the tip, 
the edges of the upper sarface, and the back part of the 
tongue, and (probably) the inferior portion of the soft 
palate. The actual mode of termination of the nerves 
of taste has, however, only recently been discovered. 

Loven and Schwalbe detected, independently and 
almost aimultaneously, in the epithelium of the papillsB 
of the tongue, many small budlike groups of cells (Fig. 
21) which are probably connected with the ultimate 
fibres of the glosso-pharyngeal nerves. These have 

[ been supposed to be the special ' seati of the sense of 
taste, and thence termed "taste-buds;" they jire in 
man shaped like a flrisk, in some other animals they are 
more slender. In the dog, they are 072 of a millimeter 
in length, and '03 in breadth. 

In the pig the number is estimated at 9500 ; in the 
eheep, at 9(100 ; in the rabbit, at 1500 ; in the cow, at 



35,000. lu man they almost touch each other on some 
parts of the toDgiie, and their number is very great 




The "taste-buds" conaiet of from fifteen to thirty 
long narrow cells, arranged almost like a circular bundle. 
Those on the outeide lie in close contact with the walls 
of the cavity. The cells apppar to be of two kinds: 




the outer ones do not differ markedly in appearance — 
at least, with onr present magnifying powers — from 
ordinary epithelial cells, and have not been shown to 
be connected with nerves. Those in the centre are 
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more highly organized, lioch ronsistfi of nn ellipawdal 
nuoleus surrounded by a tliin layer of protoplasm, 
continued downwards into a fine filiril, which sometimfB 
branchee, and which — though this is not clear — probably 
joins the nervous fibres. The upper process of the 
protoplasm is a narrow cylinder, in some cases prolonged 
at the end into a very delicate hair or rod. 

SchwaJbe thought he could distinguish in man and 
the sheep, two kinds of ta^te-eells — firatly, needle cells, 
ill which the cell appears to terminate in a narrow, 
brilliant needle, abruptly cut off at the end; and, 
secondly, staff cells, which are less numerous, shorter, of 

uniform breadth, and without _ 

any terminating needle. It is 
Btill unknown whetlier there are 
different classes of taste-cells 
for different tastes, and whether 
one taste-hud can distinguish 
more than one taste. 

I know of no detailed de- 
Beription of the organs of taste 
in birds and reptiles. In tliL- 
frog tlie taste-organs are not 
flasklike, but are flat disks. 
They occur in hundreds on the 
tongue and soft palate. These 
taste-disks are composed i 

, - I. 11 (ni nfrvei Di iBKie lu lus in^ 

several lorms ot cells. Ihose shuwine ihc mnifiroikBB ot 
which are supposed to be espe- mMon vuh tue cctia of uhb 
cially connected with the sense 

of taste terminate in a fork, sometimes, though rarely, 
of three prongs. The taste-organs of fishes are shaped 
like beakers. 
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It will be obseived that these structures give i 
help to realize in nbut actually consists the sease of 
taste. We know tliat we jwssess it ourselves. We 
perceive that other animals can select, and appear to 
enjoy, their food, and hence we ascribe to tbem a 
similar faculty. We know that in our own case this 
sense resides in the mouth, and we assume that it 
must do so in other animals; we find in the mouth 
certain stnictures, and we infer that to them is dne 
the sensation of taste. Even in onr onn case the 
inferences are, perhaps, not very c'ear, and rertainly the 
facts, as yet known, aid us but little in framing any I 
definite idea of the process. 

But if our knowledge is so imperfect in the case ofj 
the higher animals, it becomes much more so in tfael 
lower groups. 

In the Molluaca, Annelida, and lower groups, we kno7 \ 
scarcely anything of the organ of taste, though we ] 
can hardly doubt that such j 
exists. 

Medusae (jelly-fisheB) btA^ 
very sensitive to any changsl 
in tlie com[Hi8ition of the s< 
water ; for instance, they sink | 
below as soon aa it begi 
rain. It is difBculf, however, ] 
_ to say which sense isaffected, 

of ihrj proin^ of jiunipt an- In Asteropc (a marine worm 

CntlcHi 6, termliul (nerve) DelonglTIg: tO the AlciODldSB], 
DTguisi 8, (BiiBlitralc cells; d. „ p i_ , -i i ■ ,, I 

langiindiitii muBci.'! i, irsnii- Ureet hfls descnoed, in the I 
skin of the proboscis, certain 1 
ppculiar club-shaped, ringed bodies, which taper into a 
thread connected with a nucleated cell. Tiiese he' 
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suspects to be ganglionic cells, and lie suggests tliat the 
organ is one of taste. 

Even in the Crustacea (crabs, lobsters, etc.), tbnngh 
we can scarcely doubt that they possess the sense of 
taste, no organs have been yet described to which it 
can be with any confidence ascribed. Huxley, for 
instance, in his work on the Crayfish," says, "It is 
probable tbat the crayfish possesses something ana- 
logous to taste, and a very likely seat for the organ of 
this function is in the upper lip and the metastorna, but 

I if the organ exists it possesaea no structural peculiarities 

I by which it can be identified." 

As regards insects, the possession of the sense of tasto 
cannot be questioned, though, except perhaps in many 
Hymenoptera and certain phytophagous insects, it may 
not be of great importance. No one who has ever 
watched a bee or a wasp can entertain the slightest 
doubt on the subject. It is, again, probably by taste 
that caterpillars recognize their food-plant. Moreover, 
this is partly the efl'ect of individual experience, for, 
when first batched, caterpillars will often eat leaves 
which they would not touch when they are older, and 

[ have become accustomed to a particular kind of food.t 
icial experiments, moreover, have been made by 

[ various entomologists, particularly by Forel and Will. 

[ Forel mixed morphine and stryuhnine with some honey, 

• "Tho Crajflflh : an lutrodnotion to the Study of Zoology." 
\ A remarkable esse ib afforded by those apociea in wtiiub tbu food at 
m ihe iHTTa and perfect ineect is different, bo that the mother has to Eulec^t 
E> and find foF her ofigpring food ^Mch ahe would not caro to touch her- 
I lelf. Thua while butMrflies and maths themselreB feed ou honey, each 
I •peoiea Belects some particular food-plant for Ibo Igrvse. Again, fliea, 
i Which alBO eojoy honey tbemselvefl, lay thoir cggB on putrid meat aud 
ir deoaying animal subBtaiioes, 
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which he uffered to his ants. Tlieir anteniire gave them 
no waniiug. The smell of the honey attracteil them, 
and they began to feed; but the moment the honey 
touched their lips, they perceived the fraud. Will tried 
wasps with ahim, placing it wbere they had been, accus- 
tomed to be fed with sugar. They fell into the trap, 
and ate some, but soon fouud out their error, and began 
assiduously rubbing their mouth parts to take away the 
taste. 

Will founri that glycerine, even if mixed with a large 
propiirtion of honey, was avoided ; and to quinine they 
hitd a great objection. If the distasteful substance is 
inodorous and mixed in honoy, the ant or bee com- 
mences to feed unsuspiciously, and finds out the trick 
played on her more or less quiukly according to the 
proportion of the substance and the bilteraesB or 
strength of its taste. , 

The delicacy of taste is, doubtless, greater ia bees 
and ants than in omnivorous flies or in camivorooB 
insects. At the same time, the sense of taste in ants is 
far from perfect, and they cannot wlways distinguish in- 
jurious substances, Forel found that it' he mixed 
phosphorus in their honey, tliey swallowed it unsus- 
pectingly, and were made very unwell. Some worker^ 
he says,* "de Formica pratensis segor^erent demiel au 
phiisphore que je leur donnai. Apres cela elles 
demeurerent pendant de nombreuses heures immobilea, 
les mandibules ^eartees, la bouclie ouverte, avec I'air 
trfeg obsedees. Celies qui en avaieut le plus mang^ 
peiirent, les autres gnerirent peu a peu." It cannot, 
then, be doubted that insects possess a sense of taste, 
the seat of it can hardly be elsewhere than in the 
•"Kocenil ZdoI. SulsBe." 1887. 
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motitli or its immediate Beighboiirhood ; anJ in :i!l the 
orders of insfcts there are ibund va the tongue, the 
masillie, and in the mouth, cerlain minute pits wUich 
are probably tbe oi'gans of taste. In eacli pit is a 
minute hair, or rod, whicii is probably perforated at 
the end. On this point there is, indL*ed, some dif- 
ference of opinion. Will, for instance, maintains 
I that to convey the sense of taste the food must come 
, into direct contact with tlie termination of the nerve 
of tastfi, BO that those huirs, or bristles, on the mouth 
parts which present no perforation cannot be regarded 
as true taste-organs, and probably serve rather aa 
guards, Forel, on the contrary, consicifrs this as an 
error. lie observes, with justice, that the secretions 
are able to pass through the chitinons membrane 
which terminutea the excretory canals of ihe glandular 
cells, and he maintuins that the chilin is so thin 
.■ and delicate— as well on the surface of the taste cones 
and hairs as on the olfactory hairs and plates of the 
aotenniE of bees and other insects — that endosmosis 
through this fine membrane may sufBciently explain 
tbe sensation. 

In 18G0 Meinert" described, on the maxillre and 
[ tongue of ants, a series of chitinous canals, connected 
I with ganglion cells, and through them with the nerves, 
land suggested — though with a note of interrogation — 
[ that they might be tbe organs of taste. Porel, in 1874, 
i confirmed these observations of Meinert's, and described, 
■ at the point of the tongue of Foi-mica praiensis, a series 
Ipf seven such chitinous tubes. In the following year 
J "Wolff- published his work, "Das Kiechorgander Biene," 
K'^hich contains a number of valuable obserrations, 
• " BU. til. do DnnskB Myrera Nati.r Hist." 1860. 



tliougli I am unable altogether to concur in bis coii- 
elusioiiB. He described a group of uiiniite pita at the 
base of the tongue of tht bee, nnd considered them 
as the organs of smell. It seems to me, however, more 
probable that they serve as organs of taste. Forel • 
also is disposed to regard t1le^e as constituting, perhaps, 
the most important part of the orguo of ta-ste, but eon- 
aiders that this sense resides also in certain organa 
scattered over the tongue and the maxillte. Will 
i^ards the maxilliG and tongue as the only organs of 




\ 



■-•U-orBiin «f the bee (after IVulff). B. Homy rf-'gr.-, ff.Jt. MinorrpHs, 

taste in the bee, Ee maintains f that the organs of 
Wolff are deficient in the first requisite of an organ of 
taste, for that there is no orifice through which the food 
could directly enter into relation with the nerve. 

No donbt, moreover, the taste-organs ou the 
tongue and masillEe might be of themselves suffi- 
cient, so that a priori we need nirt seek for any 
others. At the same time, as to the existence of the 

• " SeneatioDa dea Tnsectea," EeeevU. Zool. Suitee, 1887. Kraepelin 
also regania them aa the organ of stoell. 
t Will, " Das Geachmackiorgan der Inaekten," Ztit.Jiir Zool., 1855. 
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organa described by Wolff tliere is no doubt, and 
their position certainly seems to iudieate tliat they 
are organs of taste. Moreover, we are not, I think, 
Bufficiently acquainted either with the essential 
requisites of an organ of taste, on the one haml, or, on 
the other, with the minute structure of these organR, to 
feel justified in concluding that this is impossible. It 
must be remembered that these pita are very minute, 
being only from '003 to '006 of a miliinietre in diameter, 
so that it is hazardous to assert that they are certainly 
imperforate, while even if they are, 
this would not necessarily prove 
that they cannot be organs of taste. 

Fig. 26 ebowB three of Wolffs 
cups, each with a centi'al hair, a 
chitinous ring, and a double gan- 
glionic swelling terminating in a 
nerve-flhre, magnified 500 times. 

An additional reason for sup- waia-i cups, mil .in, a 
posing that the Wolflian pits are nag. md * doubk- sauKU- 
really sense-organs arises from the m « mrvc-nbre."" sm 
fact that they are fewest in those and lint™; o,V;, gJugTio''uic 
insects which we may reasonahjy '"" '"^"^ """' 

_ pose to have the sense of taste least developed, 
and increase in number where, on other grounds, we 
may fairly regard it as being probably more highly 
developed. Thus the Chalcididie have often only one 
or two; the Evaneadie, seven; tho Proctotrupidie, 
fifteen; the Tenthredos, twelve to tweiity-four ; the 
common wasp, twenty : some of ihe great tropical wasps, 
forty ; while in the hive bee, the drone has fifty, the 
qaeen about one hundred, and the worker rather more 
Btill, say one hundred and ten. 






28 HUMBLE BEE — WASP. 

KraeiHjlin has described at the end nf the probusi-ia 
in the humble bee (Bonibiis), besicles the hairs of louuh, 
certain peculiar olul-shiiped hairs, whiib he believed 
were perforated at the end, and which ho cousidet^ to 
be tasto-haira ; aud Haller has ascribed the aame 
fuiictitm to some very similar hairs which he found on 
the under lip of the Hydraclina. 
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Fig. 27 represents the under side of the left maxilla of 
a wasp {Vespa vulgaris), after Will, magnified 55 times. 
Gm are the taste-cups; Shm, the protecting hairs; 
Tb, the tactile haii-s. 

Fig. 28 represents a section through one of the taste- 
cups, S!c is the taste-cone contained in the cup ; it is 
perforated and continuous at the base with a nerre-fibre. 
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Similarly, in the wonderfully beautiful and comjilei 
proboscis of the hive bee there is, between each of tlie 
tracliea-like ducts, a row of minute pits (Fig. 29, Gs), 
with a central papilla, which have been described by 
Leydig, Meinert, Lowne, Kraepeliu, and others, and 
are probably organs of taste. 

Kraepelin" distinguishes four kind^ of hairs on the 
proboscis of the fly : 

1. Ordinary hairs, which are not hollow, and do not 
stand in connection with a nerve. 

2. Hairs of touch. These are 
principally situated on the upper 
side. They are delicate, hollow, 
pointed organs, situated on a ring 
of the integument, and connected 
with a neive, 

3. Glandular hairs. These are 
larger than the former, and the 
chitinoua ring is sometimes so mut-h 
developed as to form a short cylin- 
der surrounding tlie base of the 
hair. The principal characteristic 
is, however, that Ibe hair presents sa, 'gnai-hnna; W 
along one surface a deep furro«', 

and is connected at the base with a cellular organ, 
Kraepelin therefore considers that tliis is a gland, and 
that the secretion passes outwards along the furrow. 
Kunckel and fiazagnaire, however, regard these also as 
senae-liairs. Tlie supposed gland they consider to be 
I ganglion. 

4. Taste-organs (Fig. 30), These lie iu a row between 
* Kmepelin, "Zur Anat. und PIijs, dee Riiseula von Uusoa," Zeit. 
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the tracliea-like cliannels, ami eorrospond to tlie similar 
organs in the bee (Fig. 29, Gs). Each of these resembles 
a double circle, which scarcely projects, if at all, beyond 
the general surface, and which he reganla as a 

tmetamorphosetl, hollow, perforated hair. At the base 
of each organ is a nerre, which at some little distance 
forma a multicellular ganglion, aud the 
L I sheath of which, immediately below the 

ll skin, forms a delicate and short, but well- 

■g^ marked, chitiuous, cylinder. 

It may also be oteerved, ut any rate in 
most insects, that while they are feeding 
the palpi hang down motionless, and evi- 
dently take no part in the operation. 

In reference to the sense of taste, I may 
also mention that an additional complexity 
arises from the fact that many insects 
possess mure than one kiud of salirary 
gland, and it is possible, as Wolff sug- 
gests,* that the secretions may have dif- 
ferent properties. In addition to this, 
fjr^ "l^l Wolff thinks he has proved that the 
Kniwidin '™[ character of the secretion differs at differ- 
Sim^'^'Ufr ®°* ages; that for many days after the 
^SiSWiin- ^^^ '^"^ arrived at its imago condition, 
oS MM ''™''' ^^^ glands are still imperfect and gradually 
increase to their full size. In old bees, 
again, according to him, the secretion diminishes in 
quantity. This, perhaps, throws some light on the 
division of labour. Forel has observed amocig ants 
that they remain for some days engaged in indoor 
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duties, and do not leave the nest till some time after 
they have arrived at maturity. 

I have noticed, also, that some individuals seem to 
possess a finer sense of taste than other.^, and some light 
seems to be thrown on this diflference by the fact that 
the number of the taste-pits is not the same in all indi- 
viduals. Thus Will observed that the number on the 
tongue of Lasiusjlavus (our common yellow ant) varies 
from twenty to twenty-four, and in Atta from forty to 
fifty-two. The number of pits on the maxillae is subject 
to still greater variations, and is not even always the 
same on the two sides of the same insect. 

On the whole, then, we may conclude that the organs 
of t£tste in insects are certain modified hairs situated 
either in the mouth itself or on the organs immediately 
surrounding it. 




THE SENSE OF 8MELU 

The organ of smell is, in vortebrateanimala, embedded in 
the mucoUB membrane of the nostrila, and in mammalia 
can generally be diatingiiiahed by its yellow or brownish 
colour. In birds, on tLe contrary, it presenis hardly 
any peculiarity to the naked eye. For our knowledge 
of the minuter structure we are mainly indebted to 
Max Si:hultze. The cylindrical epithelial cells in the 
olfactory organs of miin (Fig. 31 ) terminate in broad fliit 
I ends. Between them are md-like fHamenta, which are 
supposed to expand into a ganglionic cell, terminating 
in a nerve-fibre. Schultze terms these olfactory cells. 

In other cases, as in birds. Amphibia (Fig, 32), etc., 
the olfactory cells terminate in fine ciUte, or olfactory 
hairs, either one or many to each cell. These hairs 
are sometimes motionless, sometimes have a slight 
movement of their own. It is obvious that no one from 
the structure alone could have predicated the function ; 
nor can we, I think, form to ourselves any satisfactory 
conception how such a structure conveys the impression 
of smell, or in what consist the differences between 
different odours. 

If, then, we know really so little as to the mode, or 
organs, by which the sense of smell is induced among 
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tlie higber animals, we cannot womler that in the 
lower groaps our knowledge is still less. 

In the PrntoTOa and Coelenterata no organs have yet 
been met with to which this iunctiim can with any 
confidence be ascribed. 




Jleyer has described," in Polyophthalmus (a small 
marine worm), on each side of the head, two ciliated 
organs (Fig. 33), which have been supposed to be organs 
I of smell. These had been already mentioned by 
"Zur. Anat. uqJ Hiat. voq Poljoplithalmus," Arch, fur Mic. 
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latrefage^, who compared tbem willi the ciliated 
wheels of Kottfera, and thought that they produced 
ciirrentB in the water, thus urging mirroscopic algse, 
inl'usoria, etc., to the month of the worm. Meyer, on 
the contrary, with more probability, regards them 
as olfactory organs. They are slight depressions 
(Fig. 33) in the general surface, lined with peculiar 
loug ciliie, supplied with a large nerve coming from 
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the cerebral ganglion gn. Similar pits occur in many 
other Annelida. They differ in number; Polyoph- 
thalmaa having ouly a pair, the Capiteliidaj several. 

In the MoUuaca, the hinder pair of tentacles have , 
been supposed by some to sei've as olfactory organs, 
la the cuttle-fish (Cephalopoda) there are certain pits, 
at the base of which is a papilla, supplied with a nerve, 
which is perhaps olfactory.* The true function of the 
■ Leydig, "Histologic." 



IN9E(JTS — BEAT OP THE SENSE OF SMELL. H6 

organs described by Hancock in Gasteropoda, atid by 
Leuokart in Pteropods, as olfactory, seema very doubtful. 

As regards the seat of the et-nse of smuU in insects, 
there haye been four principal tlieories. It lias been 
1 to reside — (I) In the spirnclea, or breathing 
holes; (2) in tlje noifrkboni-hood of the mouth; (3) in 
the antennce; (4) iu different parts of the body. The 
history of the question has been well given byKraepc-lin 
in an admirable memoir, "Ueber die Geruchsorgane 
der Gliederthiere." " 

Sulzer, in 1761,t suggested that the orgin of smell 
vas probably to be found in the neighbourhood of the 
spiracles, nr brent hi ng-holes. It is hardly necessary to 
observe that insects do not breath as wo do, through 
their mouths, but through a series of orifices along the 
sitles, leading into trachese, or air-tubes, which nunil'y 
throughout the body ; so that the blood is aerated, nut 
in one special organ, but throughout its cours-. Now, 
it is iiuportant that a more or less coiitiniions current 
of air shntild pass over the surface of the organ of 
smell, aa it'is in this manner brought in contact with 
the odoriferous particles. Iu man and the other air- 
breathing vertebi'ates, the combination of the entrance 
to the lungs with the nose and mouth offers great 
advantages. The olfactory organ is brought close to 

I the mouth, where it is especially useful in the exami- 
nation of food; while the coutinuous current of air 
necessary to respiration is utilized in the production 
of sound, on the one hand, and in bringing odoriferous 
pa: 
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DIFFEREKT THEORIES AS TO 

In insects the aeparatioa of the mouth Croiii tlie 
I respiratory orifices is, in this wspect, a manifest dis- 
advantage. Still, it was not uuuatnral to looii for the 
' organ of smell in the nt^igbboiirbood of the s|iir&cles, 
"" " ir's view was supported by Von Rt-imtirus, Baster, 
Dumeril, Stibelvir, and especially by Lchmaon,' who 
■a it down as a {general proposition that every organ uf 
smell is to be sought near the orifices through which 
animals breathe: "Orunibua olfuctus organon in iis 
locis quaireudiim est, per quos inspireut." 

The most careful observatioiLs, however, have failed 
to detect in the neighbourhood of tbe spiracles any 
special supply of nerves, or any organ which could he 
supposed to serve for the perception of odors, and I 
believe this view may be said to be now generally 
abandoned, t 
> Treviranus J suggested that the organ of smell was 
[ situated in tbe moutb, and he has been followed by 
Newport, Wolff, Kirby and Spence, and Graber. The 
descriptions they have given may be accepted as 
correct, but the organs they describe in the mouth 
itself are rather, I tbink, to be ascribed to the sense 
of taste than to that of smell. 

Lyonnet, Bonsdorff, Marcel de Serres, Newport, and 

I others, believed that the sense of smell resides in the 

• I^hmann pnbliahei] three mcmoirB on the suhjeot : " De Sensibiia 

Eilemis Animalinm ExEBiigumm," 179S ; "De Antemiia Insectorum 

DiesertBitio," 179U; and "Ds Antenuis iDsoctoTum Dieeerttitio Poa- 

terJOT," 1800. 

t Joseph, indeed (" Bcriolit dcr 50 Tere. Dentscher Nat. nnd Aerate. 
UilucbeD," 1877), supported tliie view in a abort communii.'Btion, and 
has promised fuller details. Tliuae, however, have not, I bciieve, yet 
^petkied. 

X "Ueber dsa Smigen und doB Gtirucheorgnn dcr Iiieektcn," Ann. 
duT Wetter Get,, 1812. 
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paljii, although tlie experimuiits of Ferris, Plateau, 
Poi-el, and others, have conciusively preved that it 
is not situated exclusively iu them. 

The credit has been ascribed to Reaumur of having 
teen the first to sugf^est that the sense of smell is 
seated in the anteunie. This view has been adopted 
by Lesser, Koesel, Lyonnet, Bonnet, Sulzcr, Latroille, 
Burmeiater, Lefevre, Erifhson, Duges, Ferris, Dufour, 
Slater, Vogt, Forel, Lowne, Huusor, Kraepolin, 8chie- 
menz, and other observers, and my own observations 
lead me to the same conclusion. 

Many entomologistSiindeed, including Scarpa, Schnei- 
der, Bolkhausen, Bonsdorff, Cams, Strauss-Durckheim, 
Oken, Kirhy and Spence, Newport, Landois, Hicks, 
WoIfF, and Graber, have considered that the anleniifo 
serve as eare. These two views are, however, not 
irret'oncileable, and the truth seems to be that, wliile 
organs of smell and of hearing, wlien present, may be 
both situated in the auteunEe, they are not in all cases 
confined to thfm. 

Comparetti " seems to have bi.'en Iho first to snggeat 
that the orgun of smell might not be seated in the 
eame part of the body in all insects ; he suggested the 
antennee in certain beetles (Lamellicornia), the pro- 
'boscis in hutlerfiics and moths (Lepidoptera), and 
Certain frontal cellules (the existence of which has, 
however, not been confirmed) in locusts, etc. (OrLhop- 
tera), as the prob^ihle scats. 

The real manner in which odors are periieived, and 
the structure of the olfactory organs, is still so little 
ODiierstood, that esperimenta are pt-Thaps more con- 
clusive than anatomy. 

• "De anre interoa com parata- Puts vii." 1789. 



ESPEEIMESTS. 

The oldest experimentB of importance are those of 
' Lelimann. He bored boles through bottles, and then 
iusertetl into them thft abdomen of various insects, filling 
lip the interspace with was, and leaving the head and 
thorax outside. Ili' then introduced into the bottle 
various powerful odors, such as burnt feathers, aasid'ce- 
tida, burnt sulphur, etc., and as these cansed obvious 
movements of the body, he coni-luded that the insects 
perceived the smell by the membrsne surrounding ihe 
trachese. The tacts have been verified by subsequent 
observers, and are themselves dnnblles* correct. They 
do not, however, prove Lehmann's case, for similar fumes 
would, as Duges and I'erris justly observe, produce an 
irritation in our throat, where there is certainly no 
sense of smell. On the other band, when substances 
which have no such irritating properties are useti, hs, 
for instance, honey in the case of a bee, decaying meat 
with a carrion -eating beetle (8ilpha), and so on, no re- 
Action has been perceived. On the whole, experiments 
lend no countenance to Sulzer's theory (see p. 35), 
and, in the absence also of any anutomii-al evidence 
in its support, it has, I believe, now no advocates. 

I pass, then, to the second theory — that which 
considers that the organ of smell is situated in the 
mouth parts, either in the month itself according to 
some authors, or the pulpi according to others. We 
have, I think, no clear evidence that the mouth itself 
possesses any organ of smelL Huber, however, observed 
that while, if lie brought close to the mouth of bees 
substances which were repulsive, or others which 
were acceptable to them, such as honey, tliey were evi- 
dently affected ; this was, on the other hand, no longer 
the case if the mouth parts were stopped up with paste. 
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Perris, on the contrary, found that even when thii 
whole of the mouth parts were enclosed in gum, insects 
still retained the power of smell. These observations 
have been entirely confirmed by Fore! and other 
observers. The explanation, I believe, is that Com- 
parelti was right, and that the sdiise of scent is not 
confined to one part of the body; that, while it is pos- 
sessed by the palpi, it is not confined to them. 

It has long heen observed that Insects use their 
anteuDte to examine and test their food. This is ch arly 
not an act of hearing ; nor has any one suggested that 
tiie antennse are organs of sight or taste. It is obviously 
more than mere touch — indeed, they do not need to 
come into actual contact — and is, therefore, probably 
that of smell. 

This conclusion has been confirmed by many esperi- 
ineiits. Amongthose of the older observers some of the 
most important were made by Purris.* In Dinetus, a 
genus of the solitary wasps, the female, when absent in 
search of prey, covers over the orifice to her nest with a 
little sand. Perria selected two nests, and while the 
wasps were absent be disturbed the Kurface round one 
nest with a piece of stick, and laid his hand (which was 
rath^ warm) over' the other. The first Dinetus was a 
little disturbed. She ran about, rapidly vibrating ber 
antennas, and was, perhaps, rather longer than usual in 
finding the entrance, but lost very little time. The 
other, he says, " So trouva de prime abord, buauconp 
plus embarrasa^ : ma main, dont I'etat de moiteiir avuit 
rendu les Emanations beaucoup plus actives, avwit 
laisse sur le sable une ofleur qui semblait I'etoiiner, et 
^L * "Suj- le Bitge de I'odorat dace le^ articulJe," Jnii. Sni. Nat., 
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qu'il cberchait a reconnuUre: car loraqii'il arriv&t a 
I'endroit que ma main avait conrert, 11 raleDtiswit sa 
marchc, et ses anteiines palpitient rapidement le sable. 
Le pauvi-e insect© s'^puiaait en mart-hea et coatre- 
marclies ; il passait par desaus Boti aid Bans s'^a douter ; 
il creusait ^ «t la avec ses pattes de petites io^see, dans 
t. lesquelles il plongcuit atn anteunos pour explorer les 
couoheB inferieures ; il s'anetJiit pour brosser ses 
aiitennes, comme on se frotte les yeux quaod on se 
sent ebloni : rien c'y faisait. Uecourage, il prit sou 
vol ; mais il roviiit quelques instants apres et recom- 
mend ses recherebea. Cette fois, soit qu'il lut mieux 
dispose et que lea antennes qui etalent eviderament 
I'ugent explorateur, fussent plus perspicttces, soit plutot 
que le soleil qui etalt ardent eut fait evaporer les 
emanations de nia main, il parvint retrouvei- son nid, 
mais il y mit bii-n du temps et de la patience." 

Perris also repeated Lebmaun's experiment, only 
that be iiiserted the bead of the insects into the bottles 
instead of the body; he than satisfied himself that 
they perceived odors, and hence concluded that the 
sense of smell resides in the head, partly in the autenuffi, 
and partly in the palpi. 

■Newport, on the contrary, maintained tbat the 
antennte possess no sense of smell. He experimented 
on a water- beetle, Sijdatieus cinereus, which, he says, " I 
had purposely confined for three days without food in 
a cup about half filled with water, and, at the expiration 
of that time, attached a small piece of raw flesh to the 
end of ft wire, and carried it several times along the 
aides of the insect, particularly near the spiracles, where 
it was snfTered to remain for a short time. The insect, 
howeTer, did not appear to perceive it, but during the 
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Trhole time remained in the water perfectly imrllsturbed. 
The flesh was then carried very near lo one of the 
antensEe, but without exciting the sli<rhtj;st motion in 

tthat organ, while tiie insect began to move its palpi 
very briakly, as if it detected the presetioe of something; 
'but continued, in other respects, molionless as befnre. 
'I'he flesh was then brought in direct contact with the 
antennte, and the insect immediately withdrew them as 
if annoyed, as in the experiment with the Silplia. It 
was then carried exactly in front, and at abuut the 
distance of an inch. The palpi were instantly in rapid 
motion, and the creature, darting forward, seiz^'d the 
flesh, and began to devour it most voraciously. The 
following day the experiment was repeated several 
times, and with precisely the same result; but on this 
occasion the antenna wei'e so repeatedly touched with , 
the fleah, that the annoyed insect kept them at last 
beoeath the sides of the thorax. Hence I think it 
must appear that, from there being no alterations in 
the molions of the insect when the food was held 
near the sides of its body, the sense of smelling does 
not reside in the spiracles, nor, for like reasons, in 
the anteunie; vihile, from the motion of the palpi 
and the avidily with whii;h the insect darted upon the 
food when held in front of it, it seems but fair to con- 
clude that the sense of smelling must certainly reside 
in the head, as above suggested." " 

Again, he took a Sdpha (one of the eurrion-eating 

I beetles), and, "pW'iug it in a glass, attached a 
amall piece of flfsh witliin half an inch of it The 
antennte, as is usual with these insects, continued to 
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be moved about on either side, but with nothing 
retnarkuble in their motioDS, while the head of the 
insect was a litlle elevated and carried forwards, as if it 
perceived the Qosh, and the palpi were in rapid vibra- 
tory motion. It soon approached very near to the food, 
and at lenRth loucbed it three or four times with the 
antenna;, but eat-h time suddenly withdrew them as if 
they had fallen unexpectedly on something obnoxious, 
the [lal pi during the whole time continuing their motion. 
The insect at length reached the food, and, after having 
tounbed it once or twice with the extremities of the 
palpi, their moiion ceased, and it commenced feeding, 
while the antenuie were occasionally in motion as 
before." It would certainly seem, therefore, that in 
these insects, at any rate, the sense of smell resides 
principally in the palpi. 

Newport made certain other experiments on the 
powers of hearing of insects, which I ehall mention in 
the next chapter, and be concludes, "These facfs, 
connected, with the previous esperiraentw, have con- 
vinced me that the anteunie in all insects ore the 
auditory organs, whatever may be their particular 
structure, and that, however this is varied, it is appro- 
priated to tile perception and transmission of sound." 

Newport was an excellent observer and profound 
entomologist, and I see no reason to doubt the correct- 
ness of bis observations ; nor, indeed, of his inferences, 
BO long as we confine them to the species on which the 
observations were made. Tliey may prove that some 
insects possess no sense of smell, or that, at any rate, 
it does not reside in the antennse. On the other 
hand, they cannot disprove the positive results obtained 
by other observers, that in other species the opposite is 
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tiie ease, and that in tljem the sense of smell does 
reside in the antenDte. 

That the stog-beeile can smell seems clearly proved, 
but Laudois found * that, after the removal of the 
terminal plates of the antennfe, the insect still possessed 
this faculty, whence he concluded that the sense of 
smell must reside in some other part of the body, and 
that the antenufe probubly serve as organs of hearing. 
This does not, hoivfver, prove that the sense of smell 
does not reside partly in the untennte. 

Forel removed the palpi and month parts of a wasp, 

id she appeared to perceive the presence of honey as 
well as before. 

I myself took a large imt (Formioa llgniperda), ami 

tethered her on a board by a thread. When she was 

quite (juiet, I tried her with tuDing-forks; but they 

Id not disturb her in the least. I then apfiroached the 

ither of a pen very quietly, so as almost to touch 
first one and then the other of the antennse, whicli, 
however, did not move. I then dipped the pen in 
essence of musk and did the same; the antenna was 
slowly retracted and drawn quite hack. I tlien repeated 
the same with the other antenna. I was, of course, 
careful not t« touch the antcuDBB. I have rojieated 
this experiment with other substances with several 
ants, and with the same results. Ferris also made the 
same experiments with the palpi, and with the same 
result ; but if the palpi were removed, the rest of the 
moulJh gave no indications of pprceiving odours. 

Graberf also has made a number of experiments, and 

t" "Daa GelMirrire*" ^"■^ IlirBchkafurB," Areh-fSr. Mie. Aaat, 18G8. 
t "VeigL GrundversucliB ulier die WirknnB irnil die AufuaUma- 
iUen oliemiaeliei Heizo bei den Thioran." Biol. CealrallAalt, IKS,"!. 
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fotrnd that in some cases (though by no nieaiia in all), 
insects which hmi been deprived of Iheir auteouie still 
appeared to possess the sense of BmclJ. But if, »s wh 
have, I think, RO(Hi reason to suppose, the power of 
Bmell residea partly in the palpi, this would natarally 
be the case. 

He also tested a beetle, Srlpha ihoraeiea, with oil of 
rosemary and assiifootida. It sliowed its perception 
by a movement in half a aecund to a second in tlie 
case of tlie oil of rosemary, and rather longer — one 
second to two seconds — in the case of the assafoetida. 
He then deprived it of its antenrite, after which 
it showeil its perception o£ the oil of rosemary in 
three seconds on an avenge of eleven trials ; while in 
no case did it show any indication of perceiving the 
assafoetida even in sisty seconds. 

This would seem to indicate a further complication — 
not only that both the autennie and the palpi may 
possess the sense of smell, but also that certain odours 
may be perceived by the former, and others by the latter, 

Graber questions some of the experiments which 
seemed to mo * to dcmonstrale the existence of a sense 
of smell in anls.f 

• " AnlB, BepB, anJ Wuspa." 

t He Bays, "Da Lublxick nooh hinzuffist. dasa keinpr, dar das 
BeDebmen der Ameieen unter diecea UuiBt&ndcu bouliachtfin wQnle, 
den geringstun Zwciful an ibreni GStruchsvertDUgcn Iiuben boiinte, 
v^lilte ich auch diese Metbode, am zn eiforschen, wie sich etwa der 
Fiiblci beiaubto Ameisea verbalten viitden. Ich nai niclit irenig 
QlmTrosclEt zu fiaden, dawi aach dicsB (qb haadelt sicli nm formica 
ra/a) vor dem Kiechobjekt nmkclirten. Um gnnz sicber za gehen. 
Terauehte icIi'h nber nooh mit dcsm gloielien Armtigcment aber mil 
W^lasiang dea Eieckiloffei, und Bichs da I ate hebTtHO nnch jetzt noeh 
um '. Bci geuautror Beobachtung dei toq einer Aiueiae vom Anfiiiis 
an auf dem Papieialeg Euriii^kgekglcn Strefkc ah-Uto alcti tnch bald 
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I fastQiied a strip of paper io the air by means of two 

pitip, suspeuded over it a camel's-liair brush contaiQiiig 

scent, and thfn put an ant at one end. She ran forward, 

but stopped dead short when she come to the acented 

brush. Graher suggests that she did so from 

giddiness, hut I am satisfied that tliis ts not so. 

Ants which hahifually climb trees are not likely to 

be affi-'cted by any such sensation. Jn my expeii- 

' meats, whether the bridge was high or hiw, broad or 

I narrow, made no difference to thorn. Moreover, iu 

I each case they stopped exactly when they came to the 

I Bcented pencil. Again, Graber has not observed that 

] I expressly stated that "after passing two or three 

I times, they touk no further aolice of the scent;" 

I nor did they notice the camel's-hair pencil unless it 

I was scented. 

As regards flies (Mu-ica), Forel removed tlie wings 
from .some bluebottle flies and placed them near a 
f decaying mole. They immediately walked to it, and 
m began licking it and laying eggs. He then took thera 
I away and removed the antenna", after which, even 
I when placed close to tbo mole, tliey did not appear to 
I perceive it. 

Plateau also • put some food of which cockroaches 
ksre fond, on a table, and sunoiinded it with a low 



IB sioli bei dem gewi;<sen UrDkehren Itdiglich um em 
\B AbsRlireiten odcr Aiiapiobireu ilea UDbtkunDloa Weges 
■ liaudslte, odei dua aiuh die Anieieen ahnlicb benelimen wio wir Belbat. 
X etwa aiif einera BchwankaQ Breltu eino tiafe Gehirgakliilt 
f-Sbersctireiteii enltea." 

Grabei's obaervatiim is, I doubt not, quite ooirect ; bat Lis iiircreDcs 
K it not, I thinlc, well fouudod, Dor vaa bis expeiimcut tlie wuae tts 
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enenlsr waQ of canHxAnl Be lh«fi pat some oock- 
nwebes oo the table: thej erideoUj soemted the bod, 
uid made stiugfal tor iL He then remoTed their 
anienne, tH/^r wbii-h, as lung as tbey ooald not eee the 
food, th«5 fulled t» find it, even thoagh they wandered 
about quite close to it 

Ou the whole, then, the experiraents which have 
been made seem clearly to prove that in insects the 
sense of ameii resides partly in the antennse and partly 
in the palpi. This distribaiion would be manifestly 
advantageous. The palpi ate more suited for the ex- 
amination of food; while the autenns are more con- 
Yenietitly sitnated for the perception of more distant 
objects. 

We will now glance at the anlennso and palpi 
themBclves, and contiider briefly the structures which 
are supposed to give the sensatiou of smell. For 
this three conditions are requi^^ite: (I) an appropriate 
nerve ; (2) free atcess to air ; and perhaps, Ihongh 
this is not so clear, (3) a fluid which can dissolve the 
odoriferous substance. 

The olfactory organ in Verti'brata consists, as already 
mentioned, of a mucous membrane containing (1) 
cylindrical epithelial cells, with a bvoaH, flat termination 
at the free end ; and (2) of rod-iike fllami?nts wiiii'h, 
some littlb distance below tlie surface, swell out into 
a mit-shaped expansion, and then contract again into a 
flno thiead, which ia probably continuous with the 
flbriU of the olfactory nerve. 

In Inapota and Crustacea the conditions are different. 
Tho oclhilar " iinderskiu," or liypoderm, secretes a hard, 
homy envelope, and the terminalions of the olfac- 
tory nervos are enclosed in a horny tube with 
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I'fermJnal perforation, or prujtjct aa free threads. 
Tliey differ, a{;;aiii, between tlietn selves, Insects being 
as a general mlu aerial, and Crustacea aquatiL-, 

Erichson" lias the merit of having been the first 
to siippopt tiiia theory by anatomical examination. 
Newport hud previously mentioned the existpuee in 
many insects of certain pits, or "pores," closed by a 
delicate membriinp, and which he regarded as the seat 
of hearing. Erichson extended his observations, and 
sted that the pits were rather to be regarded aa 
IKgans of smell. His desciiptions wure coniirmod by 




Burmeister, who, moreover, detected in some of these 
^pita" the presence of a small knob, or hair. 

In 1853 I called special attention to the antennte 
■of certain Crustacea, diatingni^hitig fi?e kinds of 
laira — (1) short, downy hairs; (2) plumose hairs; (3) 
■cylindrical, tapering hairs; (4) flattened, binceolate 
Sairs; (5) wrinkied hairs — and pointed out that tbey 
Were by no meana scattered indiscriminately, but 
Biranged in definite aituationa, indicating special 
" inetipna. The two last I was disposed to regard 
e-oTgans. The above ia a figure of the right 
Ipale antenna of Pontella Bairdii, one of the Co[ie- 
" Du Fabru^a et uau ADteuoanim in Inacctia," l^jT. 



48 



LEYDIG'S OLFACTOBT CONRS. 



poila, from one of my memoirs in that groiij-,* nni 
shows tlie curious clasping orgnn. 

Leydig, in his beautiful work on the Daphuidae, iind 
more fully in a special memoir on the 8ubject,t de- 
scribed certain organs which had been also mentioned 
by La Valletle. I give below his figure of the ' 
terminal sefrments uf one of the smallei antennse of 
llie w ate r-woo(i louse {AseJlus aquatieus) magnified 5(H) ' 
times. It will be se 
thiit there are three " 
kinds of appendages — 1. 
Ordinary stiff, cylindrical, 
tapering, pointed hairs, 
which are not connected 
witii any nerve. 2. Pale, 
cylindrical huir.«, with a 
bliint termiuntiou and a 
tuff of fine setse. These 
hfiirs are connected with a 
nerve, and Leydigregarda 
them as organs of touch. 
3. Peculiar cylinders, of 
wliich there is one to each 
segment. They are com- 
piised of tliree parts, 
the middle one somewhat 
wider than the olhers. The lower third is strongly chiti- 
nized, like tlie ordinary bair.-i; the other two are more 
delicate. At the free end he observed, in some casen, 
a group of very fine, short hairs. At tlie base of 

' Ann. and Mag. of Natural flUlory, ISfiS. 
t " Uelior Geruclia uuJ Geliijrorg.iue di-r Ivreljgo mid InBektc: 
MaJW) At., isea. 
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each cylinder is a nerve, which appareDtly swells into 
a ganglion. 

Leydig described similar organs on the aiitennte 
and palpi of various otber Crustacea. They have 
obviously some special function, and ha suggests 
that ttiey are olfactory organs. It is intert-at- 
ing that,* in certain speoiea which live in subter- 
ranean waters and have lost their eyes, these olfactory 
cones are unusiwUy developed. They are much larger, 
for instance, in Asdlus cavatieas and Qammarus 




\futewnus, which live in the dark and are blind, thnn 
I in Asdlus aquaJicus and Gammarus "pulex or G.fuviatilis. 
Fig. 36 represents the end of the antenna of a centi- 
ftpede {Julus terredria). There are four olfactory 
1 cylinders at the tip, and several are also peen on the 
rfollowing segment among the ordinary hairs. In this 
I epecies the cuticle of the cylinder appeared aometiines 
1 if wrinkled, and Leydig believes that the end is 
f open." Similar cylinders occur in Scolopendra, Glo- 
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3, end other ceDtipedes. He also described siniikr 
cones ia certain insecta. 

Further details with reretence tii the strnclure and 
arrangement of these bodies have been eiven by Claus, 
[ .Sara, Weissman, liougemont, Gamroth, Heller, Kensen, 
Pflauser, and otliem, who hare also ascribed to them 
Ithia function, lu Clatis's opinion, the nerve itself 
f enters these bodies. On this point, however, there is 




Leydlg}. a, OlftcMr]' pit. 



► 



still much difference of opinion. At any rate, it seems 
to be established, by the most recent observations, that 
even if the cones are in some casea closed at the end. 
they certainly remain open in otliers. Similar organs 
also occur in the palpi (see Fig. 37). 

Kraepelin describes other peculiar forma of hairs to 
which he ascribes the perception of smell, as occurring 
in all the stalk-eyed Crustacea (Podophtlialmata), 
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I These olfiictory hairs are partly round (Fonti)niu), 
partly flat (Pagume) ; the end is ileseribeil as being 
aoraetimea simply open (Fig. 39,a,i), sometimes provided 
with a small cone (Fig. 39, c, d, e). The number of these 
hairs is often very con si durable. Moreover, they them- 
selves sometimes bear, near the base, a number of very 
fine bristles (Pagnrus). There can, I think, be no doubt 

►that these hairs are organs of sense, and it is probable 
that they are olfactory. The antenna of CallianasBa 
(Fig, 38) also bears another renmrbable series of long, 




thin, movable, but stiff and hooked buira (Fig. 38, g), 
which also stand in direct connection with the nerve, 
and have probably some seusc-function. 

In many cases the sense of smell is connpcted with 
minute depressions in the integument. In spiders 
Dahl has described a structure in the maxilla whieh he 
believes to be olfactory. The skin presents a number 
of minute orifices, under which lie elongated cells, each 

I terminating in a nervous fibril.* 
Loydig also mentions t the oxistence of small pita on 
• "Das Qulitir-micl Goruclieorgau ilec Spinnen," Arch. /iir Mie. 
Anal,, 1885. 
: + "UeboF Goraohs uuJ Gehororgauo Jcr Krebae iind Insekten," 
ItfiHer'f Arch., 18(10. 
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antcDna; anJ mandilinfar palpi of tlie crayfish 
(Ailama ftuviaiilis) but I do not find any further 
deacriptiou of them. On the other hand, in insects thoy 
play a more impoitant part, and it will be convenient 
F to describe here very brielly the various structures 
I oct-'arring on and in the aiitennie of insecis, although it 
is not to be supposed that they all serve for the sense 
of smell. Newport " alludes to the "pits"; but they 
were first described by Ericlisonf; while Burmeister J 
suggested that there are two classes — those containiuy 
a hair, and those iu wlitch there is none. The pits iii-e 
only found in certain lef^ioiis, and have certainly some 
specific functioa. In the slag-bi.-etle {Lucanus eervus) 
the terminal plate of the antenna shows two large pits, 
one on each side, and nearly opposite one another. In 
other Lamellicorn beetles, as, tor instance, in the cock- 
chafer (Melolontha vuhjaris), they are very numerous. 
Lespea§ supposed them to be closed sacs, each "contuining 
an otolithe. They certainly do present this ap|H arance, 
but the existence of any otolithe has been conclusively 
disproved by Claparede,|| Claua, Hicks, and others. 

Graber thought Tf that he had discovered an organ 
of hearing containing an otolithe iu the antennje of 
certain Diptera. Mayer,'* however, has since examined 

• TTniwirtiona of tJin Entitmological Soffiely of TjOaAon, vol. ii. 

t " De Fabricn et ubu anleuQurum in Iiiaeclia." 18 17. 

J "liDob. ubec den feiueren Bau der Flilili cfaciiur der Launlli- 
cornier." 18iS. 

5 " Mem. sur Toppiireil Biiditif des Iiisecles," Arm. Set. Nal , ISaS. 

II "Sui Jes piJteridua m^nea auililifn doB Atit^uuL's chez U'a 
Col^uplSces," Ann. Sci. Nat-, 1858. 

^ " Ueber neae otooysteDartiga SimiesorgniiH dec iTieeltten," Arch, 
fur IBic. Anal., 1B79. 

"• "Snpm oerti organ! di Seiiao iielle Aiiteime del Dilteri," Iteale 
Aee. dii lAncei, 1878-79. 
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them, and it appeari> to be really a sac lined with sense- 
liairn. 

Hicks* described the structure of the anteuQce in a 




considerable number of insects. On Ihi- aiitcnnu of tlin 
blowfly (Mnsca ; Fig. 40) lie found no lew tlum 17,(HKJ 
pprfotations, each leading into a small use, hcMid*s which 

• Tran§actionf of thf. Linnean f^oeicli/, If^Stl l^HO. 
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there are larger orificea leading into more complex de- 
pressioDs, apparently arUbg from tbe conlluence of a 
mimber of thesimple sacs. At tlie baseof these large sacs 
are a number of papillie, or small hairs. In the dragon- 
fly, each segment of the antenna contains a lat^e con- 
Toluted sac. The sacs, in fact, vary mucli in number, 
size, and form, but Hieke considered that "they all 
possess thh) same elements, and are formed on the eame 
principle." In many cases he traced a nerve to the 
base of tbe pita. He considered 
that they were generally, if not 
always, closed in by a deli- 
cate membrane, which, indeed, 
sometimes projected in a 
hemispherical, conical, or even 
hair-like form, 

The minute structure of the 
pita was further studied by 
Leydig in 1860. He describes 
them as parts of tbe integument 
in which the chitine is very 
thin, nnd more or leas depressed, 
with a hair in the centre, Tliis hair may be even 
reduced to a mere ring. 

Hicks also called attenlion to a remarkable speciality 
in the antennae of the Ichneumons, the true nature of 
which he did not, however, correctly ascertain. He 
describes the appearance preseTited as that of a great 
number of narrow inverted- canoes, with a keel-like 
ridge, and each inverted over an oval perforation. He 
regarded these as consisting of a tiiin transparent 
membrane. Subsequent observations, however, have 
shown ttiat each supposed canoe-shaped membrane is. 
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orgau3 described ljy Wolff tliere is no doubt, and 
their position certaicly seems to indicate that they 
are organs of taste. Moreover, we are notj I think, 
sufficiently anquaiuted either with the essential 
requisites of an organ of taste, on the one haml, or, ou 
the other, with the minute structure of these organs, to 
feel justified in concluding that this is impossible. It 
must be remembered that these pita are very minute, 
being only from -003 to "006 of a milliiiietre in diameter, 
fio that it is hazardous to assert that they are certainly 
imperforate, while even if they a 
this would not necessarily prove 
that they cannot be organs of taste. 

Fig. 26 shows three of Wolff's 
cups, each with a central hair, a 
chitinouB ring, and a double gan- 
glionic swelling terminating in a 
nerve-fibre, magnified 500 time:*. 

An additional reason for sup- 
posing that the Wolffian pits are rTngl'ind'^'dciubi^JJIugl'L- 
really sense-orgiins arises from the ii^'"* "^frva-flblS^x^'coo 
fact that they are fewest in those ai!rt™'iu.s:' g'.h. goU^iJH!^ 
insects which we may reasonably '"" °^° ''"^'' 
suppose to have the sense of taste least developed, 
and increase in number where, on other grounds, we 
may fairly refjard it as being probably more highly 
developed. Thus the Chalcididte have often only one 
or two; the Evaneadfe, seven; the Proctotrupidaa 
fifteen; the Tenthredos, twelve to twenty-four; the 
common wasp, twenty : some of the great tropical wasps, 
forty ; while in the hive bee, the drone has fiity, the 
queen about one hundred, and the worker rather more 
still, say one hundred and ten. 
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HUMBLE BEE — WASP. 



Kraopuliri has described at the end of the probusLija 
itt the humble bee (Bombua), besides the hairs of tonuh, 
certain peealiar club-shaped hairs, which he believed 
were perforated at the end, and which he considered to 
be taste-hairs ; and Haller has ascribed the same 
function to some very similar hairs which he found on 
the under lip of the Hydradma. 




« 
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Fig. 27 represents the under side of the left masilla of 
a wasp {Vespa vultfaris), after Will, magnified 55 times. 
6m are the taste-fups ; 8km, the protecting hairs ; 
Tb, the tactile hairs. 

Fig. 28 represents a section through one of the taste- 
cups, Sh ia the taste-cone contained in the cup ; it ia 
perforated and continuous at the base with a nerve-fibre. 
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Similarly, in the wonderfully beaufiful au'l complex 
probosoia of the hive beo there is, between each of the 
trucliea-liite ducts, a row of minute pita (Fig. 29, Gs), 
with a central papilla, which have been described by 
Leydig, Meinert, Lowue, Kraepelin, and others, and 
are probably organs of taste. 

Kraepelin • distinguiahes four kiuds of hairs on the 
proboscis of the fly : 

1. Onlinary hairs, which are not boUow, and do not 
stand in counection with a nerve. 

2. Hairs of touch. These are 
principally situated on the upper 
side. They are delicate, hollow, 
pointed orfians, situated on a ring 
of the integument, and connected 
with a neiTe. 

3. Glandular hairs. These are 
larger than the former, and the 
chitinous ring is sometimes so muuh 
developed as to form a short cylin- 
der surrounding tlie base of the 
hair. The principal characteristic 
is, however, that ihe hair presents 
along one snrTace a deep furro"', 

and is connected at the base with a cellular organ. 
Kraepelin therefore considers that this is a gland, and 
that the secretion passes outwai'ds along the furrow. 
Kunckel and (iazagnaire, however, regard these also as 
eense-liairs. The supposed gland they consider to be 
a ganglion. 

4. Taste-organs (Fig. 30). These lie in a row between 
* Kmepelin, " Zur Anat. und Ph jb. des Biisaela von Hubcb," Zeit. 

I far Wite. Zuol., 1833. 
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the trachea-like cliannels, and correspond to the similar 
organs in the bee (Fig. 29, Os). Each of these resembles 
a double circle, whicli scarcely projects, if at all, beyoud 
the general surface, and wliich he regiirJa aa a 
metamorphosed, hollow, perforated hair. At the baaa 
of each organ is a nerve, which at some little distance 
forma a multicellular ganglion, and the 
sheath of which, immediately below the 
skin, forms a delicate and short, but well- 
marked, chitinoiis, cylinder. 

It may also be observed, at any rate in 
most insects, that while they are feeding 
the palpi hang down motionless, and evi- 
dently take no part in the operation. 

In reference to the sense of taste, I may 
also mention that an additional complexity 
arises from the fact that many insects 
possess more than one kind of salivary 
gland, and it is possible, as Wolff sng- 
gests," that the secretions may have dif- 
ferent properties. In addition to this, 
Wolff thinks he has proved that the 
character of the secretion differs at differ- 
ent ages ; that for many days after the 
bee hiia arrived at its imago comiition, 
the glands are still imperfect and gradually 
increase to their full size. In old bees, 
again, according to him, the secretion diminishes in 



quantity. 


This, perhaps, 
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the 


division ol 
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duties, and do not leave the nest till some time after 
they have arrived at maturity. 

I have noticed, also, that some individuals seem to 
possess a finer sense of taste than other.^, and some light 
seems to be thrown on this difference by the fact that 
the number of the taste-pits is not the same in all indi- 
viduals. Thus Will observed that the number on the 
tongue of Lasiits flavua (our common yellow ant) varies 
from twenty to twenty-four, and in Atta from forty to 
fifty-two. The number of pits on the maxillae is subject 
to still greater variations, and is not even always the 
same on the two sides of the same insect. 

On the whole, then, we may conclude that the organs 
of taste in insects are certain modified hairs situated 
either in the mouth itself or on the organs immediately 
surrounding it« 
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THE SENSE OF 8MELL. 
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organ of smell JB, in vertebrate animals, emlieMed in 
the mucous membraue of the nostrils, and in mRmmalia 
can generally be distinguished by its yellow or hrowniah 
colour. In birds, on the contrary, it presents haidly 
any peculiarity to tbe naked eye. For our knowledge 
of the minuter structure we are mainly indebted to 
Max Sc'hultze. Tlie cylindrical epitheliiil cells in the 
olfactory organs of man (Fig. 31) terminate in broad fljit 
ends. Between them are rod-like filaments, which are 
supposed to expand into a ganglionic cell, terminating 
in a nerve-fibre. Schultze terms tbese olfactory cells. 

In other cases, aa in birds. Amphibia (Fig. 32), etc., 
the olfactory celb terminate in fine ciliie, or oltactory 
hairs, either oue or mauy to eat^h cell. Thfse hairs 
are sometimes motionle^^s, sometimes have a alight 
movement of their own. It is obvious that no one from 
the structure alone could have predicated the function; 
nor can we, I think, form to ourpelves any satisfactory 
conception how such a structure conveys the impression 
of eraell, or in what consist the difftTences between 
different odours. 

If, then, we know really so little as to the mode, or 
organs, by which the sense of smell is induced among 
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tlie bif^her animals, we cannot wonJer that in tlie 
lower groTipp our knowledge is still less. 

In the Protozoa and Coeleiiferata no organs have yet 
been met with to which this funt'tiun can with any 
confidence be ascnbed. 




Meyer has described,* in Polyophthalmns (a small 
\ marine worm), on each side of the head, two ciliated 
I organs (Fig. 33), which have been snpposed to be organs 
of smell. These had been already mentioned by 

' " Zur. Anut. una Hiat. voa PoIyophthnlmuB," Arch, fiir JWic. 
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De Quatrefaye^i, wlio compared them wilh the ciliated 
wheels of Rotifers, and thought that tliey produced 
currenta in the water, thus urging microseoiiic algffi, 
inl'usoria, etc., to the mouth of the worm. Meyer, on 
the contrary, with more probability, regards them 
as olfactory organs. They are slight depressions 
(Fig. 33) in the general surface, lined with peculiar 
loug ciliffl, supplied witb a large nerve coming from 




Ihe cerebral ganglion gn. Similar pits occur in many J 
other Annelida. They differ in number; Polyoph- 
thalmUB having only a pair, tlie CapitellidcB several. 

In the MoUusca, the hinder pair of tentacles have 
been supposed by some to perve as oll'actory organs. 
In the cuttle-fi^ih (Cepiialopoda) there are certain pits, j 
at the base of which is a papilla, supplied with a nerre, 
which is perhaps olfactory." The true function of the 
• Leydig, " Hietologie." 
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organs described by Hancock in GaaferopoiJa, and by 
Leuckart in Pteropoda, as olfactory, seems very doubtful. 

As regards the seat of the sense of smell in insects, 
there hare Iwen four principal tlieoriea. It has been 
supposed to reside — (1) In the spiracles, or breathing 
boles; (2) in the neighbourhood of the mouth; (3) in 
the antennae ; (4) in different parts of the body. The 
history of the question has been well given byKraepelin 
in an admirable memoir, " Ueber die Geruclisorgaoe 
der Gliederthiere." * 

Sulzer, in 1761,t suggested that the orgun of smell 
was probably to be found in the neighbourhood of the 
spiracles, or breathing- holes. It is hardly necessary to 
observe that insecta do not breath as we do, through 
their mouths, but through a series of orifices along the 
sides, leading into trachesB, or air-tubes, which ramify 
throughout the body; so that the blood is aerated, ULit 
in one special organ, but throughout its conrs'?. Now, 
it is important that a more or less cuntiuuous current 

I of air should pass over the surface of the organ ol 
smell, as it is in this manner bmught in eontact with 
the odoriferous particles. In miin and the other air- 
breathing vertebmtes, the combination of the entrance 
to the lungs with the nose and mouth offers great 
adyantrtgfis. The olfactory organ is brought close to 
the mouth, where it is especially useful in the exami- 
natiou of food; while the continuous current of air 
neoeasary to respiration is utilized in the production 
of sound, on the one hand, and in bringing odoriferous 
particles to the organ of smell, on the otiier. 
'1 



• Sepamt AbiirQck anB dom 
Johbnneum." ISS'i, 
t "Geaohichte dei Inaefeten." 
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respiratory otificea is, in this respect, a manifest dis- 
advantage. Still, it was not unnatriral to look for the 
organ of smell in the neighbourhood of the spiracles, 
Sulzer'a view waa supported by Von Ei^marua, BaBter, 
Dumeril, Schelvir, and especially by Lebinaun," who 
lays it down as a j^eneral proposition that every organ of 
smell is to be sought near the orifices through which 
animals breathe: "Omnibus olfdctus organon in iie 
locis qnferendum est, per quos inspirent." 

The most carei'nl observations, however, have failed 
to detect in the neighbourhood of the spiracles any 
special supply of nerves, or any organ which could be 
supposed to serve for the perception of odors, and I 
believe this view may be said to be now generally 
abandoned, t 

Treviranus J suggested that the organ of smell was 
sitnated in the mouth, and he has been followed by 
Newport, Wolff, Kirby and Spence, and Graber. The 
descriptions they have given may be accepted as 
correct, but the organs tliey describe in the mouth 
itself are rather, I thiiik, to be ascribed to the sense 
of taste than to that of smell. 

Lyonnet, Eonsdorff, Marcel de Serres, Newport, and 
others, believed that the sense of smell resides in the 
* !Leliniftrin pubHaheil tliree memoirs on the subject : " De SenailiiiB 
ExteriiiB Animalium Bxi^anguinm," 1708 ; "De AntDuuis luaocturum 
Diaaertatio," 1799; and "De Antenuia luaeotDruDi DissEsrUtia Fos- 
tertor," 1800. 

t Joseph, indeed {" Berioht der 50 Vara. Deutscher Nat. and Aerate, 
Miliioben," 1877), auppoiled tliis viow in a sliort c 
hoB promiaed fuller detiiila, Tliese, huwever, havQ not, I believe, yet 
appeared. 

i "Uebar das Snugen uad due GLTUchsorgnn dcr luecliteii," 
der Wetter Oea„ 1812. 
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palpi, altlifjugh the experiments of Ferris, Plateau, 
Forel, and others, have conclusively proved that it 
ia not situated exclusively in them. 

The crtdit has beeti ascribed to Reaumur of haying 
been the iirst to augi;est that the sense of smell is 
seated in the antenna. This view has been adopted 
by Lesser, Roesel, Lyonnet, Bonnet, Sulzer, Lntreille, 
Burmeister, Lefevre, Erichson, Duges, Perris, Dufour, 
Slater, Vogt, focol, Lowne, Huuser, Eraepelin, Schie- 
menz, and other observera, and my own observations 
lead me to the same conclusion. 

Many entomologists, indeed, including Scarpa, Schnei- 
der, Bolkbausen, Bunsdorff, Cams, Strauss-Durckheim, 
Oken, Kirby and Spence, Newport, Landois, Hicks, 
Wolif, and Graber, have considered ihat the antennse 
serve as ears. These two views are, however, not 
irreconcileable, and the truth seems to be tliat, wliile 
organs of smell and of ht-aring, when present, may be 
both situated in the antennas, they are not in all cases 
confined to them. 

Comparetti" seems to have been Ihe first to suggest 
that the organ of smell might not be seated in the 
same part of the body in all insects ; he suggested the 
antenna in certain beetles (Lamellicornia), the pro- 
boscis in butterflies and moths (Lepidoptera), and 
certain frontal cellules (the existence of which has, 
however, not been confirmed) in locusts, etc. (OrLhop- 
tera), as the ])rob[ihle seats. 

The real manner in which odors are perceived, and 
the structure of the olfactory organs, is still so little 
nnderstoo'!, that esporimonts are perhaps more con- 
clusive than anatomy. 

• " Db aure interim comparata-Patavii." 1789. 



dH EXPERIMENTS. 

The oldest experiments of importance are thoae of 
Lehmann. He bored holes through bottles, and then i 
inserted into them thoabiioman of various insects, filling 
np the interspace witli was, and leaving the head and 
thorax outside. He then introduced into the bottle 
various powerful odors, such as burat feathers, asstifoe- 
tida, burnt snlphur, etc., and as these caused obvious 
movements of the body, he concluded that the insects 
perceived the smt-ll by the membi^ane surrounding ihe 
trachete. The facts have been verified by subsequent 
observers, and are themselves doubtlea^i correi-t. They 
do not, however, prove Lehmann 's case, for similar fumes 
would, as Dugea and Ferris justly observe, prodnce an 
irritation in our throat, where there is certainly no 
sense of smell. On the other hand, when substances 
which have no Bueh irritating properties are used, as, 
for instance, honey in the case of a bee, dfcaying meat 
with a carrion -eating beetle (Silplia), and so on, no 
action has been perceived. On the whole, experiments 
lend no countenance to Sulzer's theory (see p. 35), 
and, in the absence also of any anatomical evidence 
in its support, it baa, I believe, now no advocates. 

I pass, then, to the second theory — that which 
considers that the organ of smell is situated in the 
mouth piirts, either in the mouth itself according to 
some authors, or the palpi according lo others. Wft 
have, I tbink, no clear evidence that the mouth itself 
possesses any organ of smell. Hubet, however, observed 
that while, if he brought close to the mouth of I 
substances which were repulsive, or others which 
were acceptable to tbcm, such as honey, tliey were evi- 
dently affected ; this was, on the other hand, no longer 
the case if the mouth parts were stopped up with paste. 
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Perris, on the cootrary, founJ that even when the 
whole of the mouth parts were enclosed in gum, insects 
still retained the power of smell. These oliservationa 
have been entirely confirmed by Forel and other 
observers. The explanation, I believe, is that Com- 
paietti was right, and that the seTise of scent is not 
confined to one part of the botly ; tliat, while it is pos- 
sessed by the palpi, it is not confined to them. 

It has lung been ob^erced that insects use their 
antennse to examine and tfist their food. This is charly 
Dot an act of hearing ; nor has any one su>;geBted that 
the nntennie are organs of sight or tasle. It is obviously 
more than mere touch — indeed, they do not need to 
come into actual contact—and is, therefore, probably 
that of smell. 

This conclusion has been eouflrmed by many ex[ieri- 
meiits. Among those of the older observers some of the 
most important were made by Perris.* In Binetus, a 
genus of the solitary wasps, the female, when absent in 
search of prey, covers over the orifice to her nest with a 
little sand. Perris selected two neata, and while the 
wasps were absent he diatui'bed the surface round one 
nest with a piece of stick, and laid his band (which was 
rather warm) over the other. The first Dinetus was a 
little disturbed. She ran about, rapidly vibrating her 
antennEe, and was, perhaps, rather longer than usual in 
finding the entrance, but lost very little time. The 
other, he says, " Se trouva de prime abord, beaucoup 
plus embarrass^ : ma main, dont I'etat de moiteur avait 
rendu les emanations beaucoup plus actives, avait 
iaisse aur le sable une Ofleur qui stmblait Tetoiiner, et 
'Bar le xit^ge de Tadorat duae lea nrticulc's," Ann, Sut. A'at, 
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qu'il eherchait a reconnaitre: car loreqii'il ftrrivat 
I'eiidroit que ma main avait couvert, 11 ralentissait sa 
marche, et ses antennas palpaient rapidement le sahle, 
Le pauvi-e insecte s'epuisait en martihea et contre- 
marcbes; il pasaait par dessuB son nidsana s'en donter; 
it creusait 9a et la avec sss pattes de petltea fosses, dans 
lesquelles il plongeait aes antonnea pour explorer les 
coTiohes inf^rieures; il s'arietait pour brosaer ses 
aiitennes, comme on se frotte lea yeux quand on se 
sent ebloui : rien n'y I'aisaiL Decoiirage, il piit eon 
vol; niais il reviiit quelques instants aprus et recom- 
metipa ses recberchea. Cette fois, aoit qu'il flit mieux 
dispose et que lea autennea qui 6taient evidemmeut 
I'agent explorat.eur, fiissent plua perspicaces, aoit plutot , 
que 1q soleil qui etait ardent eut fait ^vaporer les ' 
emanations de ma main, il parvint retrouver son nid, 
mats il y mit bitn du temps et de la patience." 

Perris also repeated Lebmatin's experiment, only I 
that be inserted the head of the inaecta into the bottles 
instead of the body^ be then satisfied himself that 
they perceived odora, and hence concluded that the 
sense of smell resides in the head, partly in the antenote, 
and partly in the palpi. 

Newport, on the contrary, maintained that the ] 
antenniB possess no sense of smell. He experimented I 
on a w ate I -beetle, SijdaticuB einereus, which, he says, "I | 
bad purposely cimfined for three days without food in l 
a cup about half filled with water, and, at the expiration , 
of that time, attached a small piece of raw flesh to the I 
end of a wire, and carried it seyeral times along the I 
sides of the inaect, particularly near the spiracles, where 1 
it was suffered to remain for a short time. The insect, 
howoTer, did not appear to perceiye it, but during tha 



EXPERIMENTS WITH SILI'UA. 41 

whole time reniained in the water perfectly iiuiitsturbed. 
The flesh was then carried very near ro one of the 
aiiterinse, but witliout exciting the sligliti'nt motion in 
that organ, while the itisoct hegun to move itx palpi 
very briskly, as if it detected the presence of something; 
but continued, iu other respects, motionless as before. 
The flesh was then brought in direct contact with the 
autennffi, and the insect immediatfly withdrew them as 
if annoyed, as in the experiment with the Silplia, It 
was then carried exactly in front, and a,t ftbuut the 
distance of an inch. The palpi were instantly in rapid 
motion, and the creature, darting forward, seized the 
flesh, and began to devour it most voraciously. The 
following day the experiment was repeated several 
times, and with precisely the same result; but on this 
the antennas were so repeatedly touched with 
the fleah, that the annoyed insect kept them at last 
beneath tiie sides of the thorax. Hence I think it 
must appear that, from there being no alterations in 
the motions of the insect when the food was held 
near the sides of its body, the sense of sjneliiug does 
not reside in the spiracles, nor, for like reasons, iu 
the antennx; nhile, from the motion of the palpi 
and the avidity with whieh the insect darted upon the 
food when held in front of it, it seems but fair lo con- 

Iclude that the sense of smelling must certainly reside 
in the head, as above suggested." " 
Again, he took a Silpiia (one of the carrioti-eating 
beetles), and, "pU'-ing it in a glass, attached a 
small piece of fl-'sli witljin half an inch of it The 
antennie, as is usual with these insects, continued to 
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Newport, '' On tliB AnteiiHCB of Insects," TrniHciriiou" of llie . 
' ' SociBly, 18a7-IH40. 
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be moved about on either side, but witli nothing 
remarkable in their motioDB, while the bead of tbe 
iusect waa a little elevated and curried forwards, as if it ] 
perceived the flesh, and the palpi were in rapid vibra- 
tory motion. It soon appronched very near to the food, 
and at leni>tb touched it tbme or four times with the 
anteiiDRi, but each time suddenly withdrew them as if 
they had fallen unexpectedly on something obnoxious, 
the palpiduring the whole time continuing their motion. 
The insect at length reached the food, and, after having 
touched it once or twice with the extremities of the 
palpi, their molion ceased, and it commenced feeding, , 
while the anteniife were occasionally in motion i 
before." It woidd certainly seem, therefore, that in 
these insects, at any rate, the sense of smell resides 
principally in the palpi. 

Newport made certain other experiments on the 
powers of hearing of insecta, which I shall mention in j 
the next chapter, and he concludes, " These facta, 
connected, with the previous experimentK, have con- 
vinced me that the antennffi in all insects are the i 
auditory organs, whatever may be their particular 
structure, aud that, however this is varied, it is appro- ] 
priated to the perception and tranamiasioii of sound." 

Newport was an excellent observer aud pi'olbund 
entomologist, and I see no reason to doubt the corrects 1 
ness of bis observations ; nor, indeed, of his infereocea, 
so long aa we confine tliem to the species on which the ] 
obaervalions were made. Tliey may prove that some 
insecta possess no sense of smell, or that, at any ratej 
it does not reside in the antennae. On the other 
hand, they cannot disprove the positive results obtained 
by other observers, that in olher species the opposite is 
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the case, and that in tliem the stnse of Bmell does 
reside in the anteniife. 

That the stog-beelle can smell seems clearly proved, 
but Landoi9 found ' that, after the removal of the 
terminal plates of the antennie, the insect still possos-sed 
this faculty, whence he concluded that the stmae of 
smell must reside in some other part of the body, and 
that the antenajB probiihly serve as organs of hearing. 
This does not, however, prove that the sense of stuell 
does not reside partly in the antennjE. 

Forel removed the palpi and mouth parts of a wasp, 
and she appeared to perceive the presence of honey &s 
well as before. 

I myself took a large ant (Formica ligniperda), and 
tethered her on a board by a thread. When she was 
qiiite quiet, I tried her with tuning-forks; but they 
did not disturb her in the least. I then approached tlio 
feather of a pen very -quietly, so as almost to touch 
first one and then the other of the antennje, which, 
however, did not move. I then dipped the pen in 
essence of musk and did the same; the antenna was 
slowly retracted and drawn quite back. I tlien repeated 
the same with the other antenna. I was, of coui-ao, 
careful not to touch the antennie. I have re|ieated 
this experiment with other substances with several 
ants, and with tlie same results. Perris also made the 
game experiments «ith the palpi, and with the same 
Xesult; but if the palpi were removed, the vest of the 
.mouth gave no indications of p(-reeiving odours. 

G-raber t also has made a number of experiments, and 

• "DaBGcliurnrgattdeBlIirachkirera," ArBh. fir. 3fio. Jnnt, 1868. 
t "Vergl. GrundTefBuclie iilier die Wirknng uml dio Aufnalime- 
EMsIleD dieminclier Beize l>ei den Tliiecen," BM. CeviraUiUiU, lSg5. 
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foTind that in some cases (thongli by no means in all), 
insects which had been deprived of tlieir antentiie still 
appeared to possess the sense of smeli. But if, as wnj 
have, I think, good reason fo suppose, the power ob 
smell resides partly in the palpi, this would naturall]^ 
be the case. 

3 tesled a beetle, Silpha thoraciea, with oil a 
rosemary and asatit'cetida. It showed ita perceptioifc 
by a movement in half a second to a second in th(i( 
case of tlie oil of rosemary, and rather longer — onel 
second to two seconds — iu the- case of the asst 
He then deprived it of its antenna, after whioiij 
it showed its perception of the oil of rosemary in) 
three seconds on an average of eleven trials; while ioj 
no case did it show any indication of perceiving thai 
assafcetida even in sisty secondH, 

This would seem to indicate a further complication— 
not only that both the antennas and the palpi may! 

s the sense of smell, but also that certain odouigfl 
may be perceived by the former, and others by the latter..-! 

Grabor questions some of the experiments whi^'i] 
seemed to me" to demonstrale the existence of a sense J 
of smell in anls-t 

and Wasps." 

t He BujB, "Da Lubbock noch biniuriigt, dass keiner, der dul 
n der AjnoiBeti uiiter dietan Umst^ndeu beubaohtnii 
den geriQgsten Zweifol an ihrom GtruchsTermogcn habea konatu.J 
wablte ich such dieae Metliode, um zu srforeclien, wie aiob elwn dCf^ 
Flililer beraubte Amoisen yerhatten wiirden. Ich war nioht WMllj^ 
UbcmteclLt zu Suden, daBS aucb diese (ea handelt eich am f onuuM f 
ru/o) vor dem Riechobjokt mnke)irteii. Um gaoz eichor za gehen, 1 
TefBiiclite ith'H aber noch mit dera gleiclieu Arcaiigeraent aber n 
Weylatiuag das Bieahiloffes, nnd aiche da 1 ale kebttan nueh jatit m 
nml Bci gennatrer BeobaFlituijg der vod ciner Artieise Tom AnfiiBl 
en BDf dem Fapieiat^ ziuQL'kgelcgtcu titrecke atrllte eab anch h 
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I fastened a strip of paper in the air by means of two 
pinfi, SDspeDtled over it a camel's-hair brush containing 
Bceot, and then put an ant at one end. She ran forward, 
but stopped dead short when she cnme to the scented 
brush. Graber suggests that she did so from 
giddiness, but I stn satisfied that this is not so. 
Anta which habitually climb trees are not likely to 
be affi'cted by any such sensation. In my esperi- 
menta, whether the bridge was high or hiw, broad or 
narrow, made no difference to them. Moreover, in 
each case they stopped exactly when they came to the 
scented pencil. Again, Graber has not observed that 
I expressly stated tiiat " after passing two or three 
times, they touk no further notice of the scent;" 
nor did they notice the caiQel's-hair pencil unless it 
was scented. 

As regards flies (Musca), Forel remoyed the wings 
from some bluebottle flies and placed them near a 
decaying mole. They immediately walked tu it, and 
began licking it and laying eggs. He then took them 
away and removed the antenna", after which, even 
when placed close to the mole, tliey did not appear to 
perceiye it. 

Plateau also* put some food of which cockroacliea 
are fond, ou a table, and surrounded it with a low 



hprens dasB es sioli bei dem gewissen Urakehren lediglich. nm ein 
TerBUcbsneisbB AbEcliieiten ndur Ausprobiren dm unbeliaiitttBii Weges 
bandelte, odec dus sicb die Amuisen Silinlich benohmen vie wir eelbat, 
wenn wil etwa suf einein lichwunken Brette eine tiefu Gehirgaklutt 
fibersohreitBU boUeh," 

Qmber'a obaarvution ie, I dnubt not, quite correct ; but hia inl'Drenee 



Ib not, I Ibink, well fouudc.l. 



B bia espeiimeut the BBiae m 



• Bull, de la Son. Eiil. B.;^/i*'jiie, 1870. 
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circular wall of cardbimrd. He tlien put some cock- 
roachcB on the table: ihey evidently scented the food, 
and made straight for it. He then removed their 
antennse, after which, as long as they could not see the 
food, they fulled to find it, even though they wandered 
about quite close to it. 

Oq the whole, then, the experiments which have 
been made seem clearly to prove that in insects the 
senae of smell resides partly in the antenme and partly 
in the palpi. This distribution would be manifestly 
advantageous. The palpi are more suited for the ex- 
amination of food; while the antennae are more con- 
veniently situated for the perception of more distant 
objects. 

We will now glance at the antennre and palpi 
themselves, and consider briefly the structures which 
are supposed to give the aeusotion of smeil. For 
this three conditions ai'e requisite: (1) an appropriate 
nerve ; (2) free access to air ; and perhaps, though 
this is not so clear, (3) a fluid which can dissolve the 
odoriferous substance. 

The olfactory organ in Verti.'brata consists, as already 
mentioned, of a mucous membrane containing (1) 
cylindrical epithelial cells, with a broad, flat termination 
at the free end ; and (2) of rod-like fikments wiiich, 
some little distance below the surface, swell out into 
a nut-shaped expansion, and then contract again into a 
fine thread, which is probably continuous with the 
fibrils of the olfactory nerve. 

In Insects and Crustacea the conditions are diS'erent. 
The cellular "underskiu," or hy[>oderm, secretes a hard, 
homy envelope, and the terminations of tlie olfac- 
tory nerves are enclosed in a horny tube with a 
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fenninal perforation, or project as free threads. 
They differ, Again* between themselves, Insects being 
as a general rule aerial, and Crustacea aquatic. 

Ericheon* has the merit of having been the first 
to suppoi^ this theory by anatomical examination. 
Newport had previously mentioned the existence in 
many insects of certain pits, or *' pores," closed by a 
delicate membrane, and which he regarded as the seat 
of hearing. Erichson extended his observations, and 
suggested that the pits were rather to be regarded as 
organs of smell. His descriptions were coniirmed l»y 




Hg. 34.— Antenna of Pontella Baxrdii (Lubbock). 

Burmeister, who, moreover, detected in some of these 
" pits " the presence of a small knob, or hair. 

In 1853 I called special attention to the antennre 
of certain Crustacea, distinguishing five kinds of 
hairs — (1) short, downy hairs; (2) plumose hairs; (3) 
cylindrical, tapering hairs; (4) flattened, lanceolate 
hairs; (5) wrinkled hairs — and pointed out that they 
were by no means scattered indiscriminately, but 
arranged in definite situations, indicating special 
functions. The two last I was disposed to regard 
as sense-organs. The above is a figure of the right 
male antenna of Pontella Bairdii, one of the Cope- 

* ** Dc Fabrica ct usii Autciinarum iu Inscclis." 1847. 
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puila, from one of my memoirs in thtit grotii>,' iiml 
Bhowa tlie curious clasping organ. 

Leydig, in his boautil'ul work on the Daphnidse, and 
more fully in a special memoir on the anbjectit de- 
scribed certain orj^ans which had been also mentioned 
by La Vallette. I give below his figure of the 
terminal 8e<::menta of unp of the smaller antenna of 
the water- wood louse {Asellus aqzialicus) magnified 500 
times. It will be seen 
thot tliere are three 
kinds of appendages — 1. 
Ordinaryatiff, cylindrical, 
tapering, pointed hairs, 
which are not connected 
with any nerve. 2. Pale, 
cylindrical hair?, with a 
blunt termination and a 
tuft of fine aette. These 
liairs are connected ivitli a 
nerve,andLeydigr(^aTd8 
tliein as orgatia of touch. 
3. I'eciuliar cylinders, of 
which there is one to each 
segment. They are com- 
'"^^y'^'pww c^iindi'n to'i'fM'srr pipscd of three parts, 
ihe middle one somewhat 
wiHerthun the others. The lower third is t^trongly chiti- 
nized, like tlie ordinary bair.-t; the other two are more 
delicate. At the free end he observed, in some cases, 
a group of very fine, short hairs. At the base of 

• Ann. and Mag. «/ Natural JTiitory. 1853. 

t "Uaber OBruolls uuil GeliurorgLiiie (itr KruiiEC uud IiiEukt.u," 
MHUa't At.. 1H6I>. 
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each cylinder is a nerve, which apparently swells into 
a ganglion. 

Leydig described similar organs on the aiitennie 
find palpi of various other Crustacea. They have 
obviously some special function, and he suggests 
that they are olfactory organs. It is interest- 
ing tliat, in certain species which live in subter- 
ranean waters and have lost their eyes, these olfactory 
cones are unusually developed. They are much larger, 
for instance, iu AstUus eavatioas and Gammarus 




puieanus, which live in the daik and are blind, than 
ia Asellus aqualieus and Ga-nunarus pulex or G-flitviatHia. 
Fig, 36 represents the end of the antenna of a centi- 
pede (Julus terrestris). There are four olfactory 
cylinders at the tip, and several are also seen on the 
following segment among the ordinary hairs. In this 
species the cuticle of the cylinder appeared sometimes 
88 if wrinkled, and Leydig believes that the end is 
open.* Similar cylinders occur in Scolopendra, Glo- 
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nieris, and other centipedes. He alao described similar 
cones in certain insects. 

Further details with reference to the strncture and 
arrangement of these bodies have been given by Claus, 
Sara, Weissman, iiougeraont, Gamroth, Heller, Hensen, 
Hauser, and others, who have also ascribed to them 
this function. In Claiis's opinion, the nerve itself 
enters these bodies. On this point, however, there is 




H "8._ 

^^H Ujdtg), a, UlbcWt7 pit. 

■ . . 

^^m still much difference of opinion. At any rate, it si 

^H to be established, by the most recent observations, that 

^^M even if the oones are in some cases closed at the end, 

^^m they certainly remain open in others. Similar organs 

^H also occur in the palpi (see Fig. 37). 

^^M Ki'aepelin describes other peculiar forms of hairs to 

^^V which he ascribes the perception of smell, as occurring 

^^M in all the stalk-eyed Crustacea (Podophthalmata). 
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These ol&ctory hairs are partly round (Pontonia), 
partly flat (Pagnrus) ; the end is described as being 
sometimes simply open (Pig.39,a,6),8ometimes provided 
with a small cone (Fig. 39, c, d, e). The number of these 
haira is often very considerable. Moreover, they them- 
selves sometimes bear, near the base, a number of very 
fine bristles (Pagurus). There can, I think, be no doubt 
that these hairs are organs of sense, and it is probable 
that they are olfactory. The antenna of Callianassa 
(Fig. 38) also bears another remarkable series of long. 




€b 







Fig. 39.— Terminations of olfifictory hairs of Crustacoa. a, Of larva of a ralcemon ; 
b^ of a PagoroB; c, of a Pinnotheres ; d, of a Squilla ; e, of a Puiituuia. 

thin, movable, but stiff and hooked hairs (Fig. 38, g), 
which also stand in direct connection with the nerve, 
and have probably some sense-function. 

In many cases the sense of smell is connected with 
minute depressions in the integument. In spiders 
Dahl has described a structure in the maxilla which he 
believes to be olfactory. The skin presents a number 
of minute orifices, under which lie elongated cells, each 
terminating in a nervous fibril.* 

Leydig also mentions t the existence of small pits on 

* "Das Gclior-rmd Geruclisorgan dcr Spinncn," Arch, fur Mic. 
Anal, 1885. 

t •*Ueber Gcmolis iiiul Gehurorgauc dor Krebse iind Insektcn," 
miler's Arch., 1860. 
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the antennffi ami mandibular palpi of tlio crayfish 
(Astaeuf jluviaiiiis) but I do not find any further 
description of them. On the other hand, in insects they 
play a more impoitant part, and it will be conveuient 
to describe here very brieliy the various structnrfa 
oGi.-urring on and in the aiitenure of insecia, although it 
is not to be supposed that they all serve lor the sense 
of smell. Newport " alludes to the " pits " ; but they 
wtsre fiM described by Ericbson t i while Bnrmeister { 
suggested that there are two classes — those containing 
a hair, and those in which there is none. The pits are 
(inly found in certain reyions, and have certainly some 
specific function. In the stag-bi^etle (Liioanus oervua) 
the terminal plate of the antenna shows two large pits 
one on each side, and nearly opposite one another. In 
other Lamellicorn beetles, as, for instance, in the cock- 
chafer (Melolontha vulgaris), ibey are very numerous. 
Le8pe8§ supposed them to be closed sacs, each containing 
anotolithe. They certainly do present thi^^ apjiearauce, 
but the existence of any otolithe has been cojiclusively 
disproved by Claparede,!! Clans, Hicks, and otliera. 

Uraber thought IT that be had discovered an organ 
of hearing containing an otolithe in the antennje of 
certain Diptera. Mayer,"* however, has since exumined 

• Traamiciitini of the Entomological Society of London, vol. iL 

t " De Fabrica ot ubu anteDnerura in luseutta." 1847. 

t "Beiib. uber deu fciiiBten Ban der Ffllili rfaahur der Laintlli- 
Doinier." 181S. 

§ " Mcim, Hur I'flppareil Ruilitif das InHectes," Ann. Bd. Nat , 1S58. 

I "Sur loB pipteiidus organes amlilifa dea Autcuuca chex lea 
ColeopEireB," Ann. Sei. ffat., IS58. 

^ " Ueber neue otoojaleuartige Siuiiesorgane der InBekter," Areh. 
ySr Mia. Anat., 1873. 

** "Supra cettl orgaui di Sciifto uelle Aiilcime dei Ditteri," fitufa 
Aee. drf Liaeei, 187S-79. 
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tbera, and it a]>pear? to be really ft eac lined with » 

liairs. 

Hicks* describeil the structure of tiie anteunm 




considerable number of insects. On the antenna of the 
blowtly (Muaca ; Fig. 40) he found no less than 17,000 
perforations, each leading into a small sac, besides which 



• Tramaeiioni a/ the Einnean &ei"e(j, 1857-1S50. 
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tliere are larger orifices leading into more compli 
pressious, apparently arising from the confliieiice 
number of thesimple sacs. At the baae of these large 
are a number of papillaSj or small bail's. In the dragon- 
fly, each segment of the antenna contains a large con- 
voluted sac. Tlie sacs, in fact, vary much in number, 
size, and form, but Hicks considered that "they all « 
possess tliH same elementsj and are formed on the same ] 
principle." In many cases he traced a nerve to the 
base of the pits. He considered 
that they were generally, if not 
always, closed in by a deli- 
cate membrane, which, indeed, , 
sometimes projected 
hemispherical, conical, or evea i 
hair-like form. 

The minute structure of the j 

pits was further studied by J 

Leydig in 1860, He describesJ 

them as parts of the integument. 1 

mDki)'" " '°'""'™°° '""" '" which the chitine is veryl 

thin, and more or less depresseil, I 

with a hair in the centre. This hair may be eveteJ 

reduced to a mere ring. 

Hicks also called attention to a remarkable speciality I 
in the antennas of the Ichneumons, the true nature df 1 
which he did not, however, correctly ascertain. He J 
describes the appearance presented as that of a great % 
number of narrow inverted- canoes, with a keel-like j 
■idge, and each inverted over an oval perforation, 
regarded these aa consisting of a tliin transparent ■] 
membrane. Subsequent observalions, however, have, j 
shown that each supposed ranoe-shapnd membiune is, J 
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in fact, a fine hair, inverted over one of the usual 
pits. 

In 1880 Hanstir published an excellent memoir ' 

on the olfaetory organs of inseets, from which I Lave 
r taken Fig. 42, representing a sei/tion through part 







the antenna of a wasp, eli owing two of the 
olfactory cones, one projecting beyond the general 
miface. They terminate above iu a fine rod, below in 
va nerve-thread, and present a double sei-ies of ridges. 

i. die Gerutlisorgftiie dor Inaekteii," Xeil. 
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Eraepelin" and Sazepinj have also piibH^ticd valuable 
memoirs containing man; interesting detuiis. 

Tlie boira of the anteniiic, then, serve some for toucb 
and some for Fmell, while there i?, as we shall presently 
Bee, strong reason for supposing that the sense of 
hearing is also in some insects seated in the antennie. 

The greatest variety of antennal organs, so far as we 
yet know, oglufs in the Ilymenoptera (ants, be^s.-and 
wasps). Of theae I give a diagrammatic figure. 
There are at least nine different structureB. 

1. Ordinary hairs (Fig. 43, c). 




(ijpQdenole layer; c "tdinnry halri d. Ui 

nsir ; c cuiiQ : /, deptPSBed Lair, lying over g. cup. wllb ruiKnuTlsri bmir it i,ub 
bo»e -, fi. BlTiiple cup -. i. ctiunpaT^itc-coTk-llkt^ □rgvn vi Yorei i t:. fld^k-ilke 4it^iui ; 
t, pHptlla, wEtb fr rudiuieiitary hdr At Lke apea^ 

2. Hairs of touch (Fig. 43, d). 

* "Phys. und Hist, TTpt. a. die GerachscirBane der Itiaektan." ZnO^ 
fflT Wies. ZooL, 18R0; and " Ueber die GerachsorsaBe der Gliedeis 
thiere," 1883. 

t " Ueber don hietol. Ban and die Tert. der netToaea Eadorgi 
Ruf den Fiildem der Mjriopoden," jH^)n. de rAaad. Itapir, de Be. th 
SI. reteribtirg, 1S85, 
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I 3. Flattened hairs (Fig. 43, e). 

I 4. Depressed hairs (Fig. 43,/). 

I 5. Pits with a minute hair at the base (Fi/j. 43, if). 

I 6. Pits without a hair at the base (Fig. 43, h). 

I 7. Cones containing a nerve (Fig. 43, /). 

I 8. The champagne-cork-] ike organs of Forel (Fig, 
43, i). These eousiat of a pit, with a constriction about 
halfway up. They differ, in fact, from the second 
sort mainly in the presence of this constriction. 

9, The curious flasks (Fig. 43, k) first observed 
and described by Hicks.* " They consist," he says, " of 
a small pit leading to a long delicate tube, which, 
bending towards tlie base, dilates into an elongated 

I aac having its end inverted," f Of these remarkable 

I organs there are about twelve iu the terminal segment, 

I and one or rarely two iu the others. Similar Btructures 

\ have since been found in other Hymenoptera ; but not, 

I believe, as yet iu any other order of insects. I have 

ventured to suggest that they may serve as microscopic 

thoseopes. Kraepelin was disposed to regiird them 

I as glands, but I agi'ee with Forej that there is no snflS- 

I cient reason for doing so. 

There may, moreover, be a distinctly characterized 
tense-organ without any alteration of the actuiil 
surface, as shown in some of the figures given by 
Kraepelin, and also by that from Hauser given above 
(Fig. 42). 

These are, perhaps, the principal types, but there 

^^B * Trantaetioia of the Linuean Society, vol. xxii. p. 39. Enepelin 

^^K kttributes tlie obserT&tion to Fore], but tliis u hu error. Forel bad 

^^K. overlooked Hicka's Jeaoription and Ggaro. 

^V + Hicka, " Oil tlio Organs of the Antennie of Inseol*." TranmMoni 

^^L ^thaLlnneauSaeicli/, vol. xnii. 
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are many modifications; for instance, complex pits 
often arise froia tbe conQuence of several small ones. 
The structure of the iinteunse ia then very complex, and 
increases with the importance of tbe autennaj in the 
life of the insect. Anioitg the Hymenoptera. Lyda has 
about 600 pits; Tenlhredo, 1200; Sirex,2000; Pompilus, 
3U00; PaniscuB, 4000; Ichneumon, 5000; Hylc9ue, 
6000; the wasp (Vespa), about 13,000 pits and 700 
cones; the blowfly, 17.000; the hive bee, according to 
Hick8,alK)Ht 20,U(JU pita and 200 conea. Among beetles 
(Coleoptera) the numbers are generally small, hut the 
cockchafer (Slelolontba) possesses, according to Hauser, 
on each antenna as many aa 35,000 in the female, and 
39,000 in tbe male. Moreover, it is significant that in 
those species where the females are quiescent and are 
aotiTely sought out by tbe males, the antennje are 
much less highly developed in tbe female sex than in 
the male, 

As already mentioned, the antenna? probably serve 
partly as organs of touch, and in some cases for smell. 

On the otlier hand, I do not believe that touch and 
smell are the only two senses possessed by tbe antennee. 
Foiel aud 1 have shown tliat in the bee tbe sense of 
smell is by no means very highly devel ped. Yet 
theic antenna ia one of those moat highly organized. 
It possesses, as I have just mentioned, besides 200 
cones, which may pi-obably serve for smell, as many as 
20,000 pits; and it would certainly seem unlikely 
that an organization so exceptionally rich should solely 
serve for a sense so slightly developed. 

Much as these antennal structures differ from one 
another in form, arrangement, and structure, they are 
all reducible to one type — to a haii- — more or leas de- 
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veloped, more or less deeply seated, standing in con- 
nection with the ganglionic cells, and so with the cerebral 
ganglia. Even the long-necked " bottles " (Fig. 43, h) 
may be regarded as an extreme form of this type, 
especially if the inversion at the end can be, as seems 
probable, regarded as a hair. 

All entomologists are agreed that some of the anten- 
nal hairs serve as organs of protection, and others as 
organs of touch. The evidence is, as we have seen, very 
strong, that some of them serve as organs of smell. 
They fulfil, therefore, at least three different functions, 
and when we consider their manifold variety, there is 
not only no a priori improbability, but, on the contrary 
it seems very probable that some of them, at least, 
perform some other function in the animal economy. 

There is, indeed, strong reason, as we shall see in the 
next chapter, to believe that, in some cases at any rate, 
the antennae act also as ears; while some of these 
peculiar antennal organs, though obviously organs of 
sense, seem to have no special adaptation to any sense 
of which we are cognisant. 




CHAPTER ly. 

JUR SENSE OF UEARINO, 

The spnsatton of sound is due to vihratious of the air 
Btriking on the drum of our ear. The iDtenaity of tlie 
Bound depends on tbe extent or amplitude of tht) sound- 
; while the pitch of the tone depends on tbe fre- 
quence of vibratioD, and couaequently on the number of 
waves which strike the ear during a given interval. 
The fewer the number of vibrations in a Beeond, tbe 
deeper the suiiud ; the more numerous, tbe shriller it 
becomeB, Our pianos generally begiu with the C of 
32 vibrations in a second, and extend to A"" of 3520 
vibratioDS. The number of vibrations for the tone 
A', which is that of the bum of a bee, is about 440 
in a second. If the vibrations are fewer than 30 ia a 
second, they produce only a buzzing and groaning 
sound, while the shrillest sound we can hear is produced 
by about 35,000 vibrations in a second. 

It may seem cnriona that there should be any dif- 
ficulty in ft-^certaining whether an animal can hear. 
But, in the first place, in order to experiment on 
them, we are olten obliged to place them in situa- 
tions very unlike those to which they are accustomed ; 
and, secondly, it is by no means always ea^y to say 
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k whether they are affected by a real noise, or whether 

I they are merely conscious of a concusaioD or vibration. 

As regards the lower auimala, it appears to me, 1 con- 

1 fesd, tiiat many organs have lieen dcatribed as auditory, 

I on grounds which are anything but Batiafactory. At 

' the same tinae, it cannot be doubted that many of Iho 

lower animals do possess the power of hearing, especially 

as some have elaborate organs ior the production of 

► sound. 

Among the lowest groups, none of the Protozoa or 
Ccelenteriita are known to produce sounds, and in the 
Molluscs, also, the power is very rare. The Pectens, 
which are the most lively of bivalves, moving actively 
by the sudiien opening and closing of their valves — as 
Pliny says, "Saliunt Pectines et extra volitant seque 
ipsi carinatit " — also profluce in the same way a certain 
sound, which Aristotle" gives as an exceptional case 
among the Mollusca. 

Nor is the production of sound much more frequent 

among the Crustacea. Inonegenusof cral>sfOcypoda), 

the claw bpars a rasp, or file, which cau be rubbed against 

^e on the basal segment of the limb, and thus 

produces a harsh, jarring sound. Some of the lobsters 

also (Palinurus) make a noise by rubbing one segment 

I of the antenna agaiust another ; but, consideriug that 

the ear is well developed in this group, it is rather 

I jemarkable how few of them are known to possess the 

I power of producing sounds. 

Passing on to the insects, the song of the Cicada has 

been celebrated from time immemorial ; the chirping of 

the crickets and grasshoppers is also familiar to ua all. 

For the reasons, however, already allud<;d to iu the 

• " Historia AninmliuiQ." 
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precedin;^ chapter, no iusect possesses a true voice. The j 
80Uiid8 thoy make are produced in yarioua ways — for 
instance, by the wings or the spiracles, by nibbing one 
part of the body against another, etc, 

The power of producing sounds audible to as is pos- 
sessed by many inset-t? scattered sporadically through 
all the great groups. 

In many of these cases, the power of producing sound 
is confined to tlie mah^s. Their sounds are reidly love- 
songs.* I 
In Locusts, as West wood says,! "The stridulating I 
powers of these insects must have attracted the notice I 
of every one who has walked through the fields in the I 
antiimn. Unlike the insects of the two preceding 
families, it is owing to the motion ' 
of the hind lemora, either con- , 
jointly or alternately rubbed 
against the sides of the wing- 
covers, that the sound is pro- 
duced, the insects restingon their 
four anterior legs during the 
operation ; the veins of the wing- 
covers being considerably ele- 
vated, so as to be easily acted 
upon by the rngose inner edge of the thigh. Some 
species, according to Goreau, may be observed to exe- 
cute this movement without producing any sound per- 
ceptible to our ears, but which he thinks' may be per- 
ceived by their companions." 

• The fenmleB are not, hnwever, iDTatinbly dumb. In Epliippigera 
both sexea am able to proJuco a sound, whiob, lioworor, ia not very 

t Woatwood, ■■ Mixlfini Clii8fli6i'ation of IriBCTta." 
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Fig, 4A represents the leg of a grassliopper (Sleno- 
hothrus prcUorum). On the iuner siiie of tlie thigh, at 
8, is a file, coiisisting nf a row of fine teeth (Fig. 45, a), 
which rub against the wing-eovera, and thus produce the 
well-known sounds. 

Lehmann states that Brunelli " kept and fed several 
males of Oryllus mridissimus in a closet, which were 
very merry, and coiiliiiued siugiiig all the day ; but a 
rap at the door would stop them instantly. By practice 
he learned to imitale their chirping; when be did this 
at the door, at Bi'st a few would answer him in a low 
note, and tlieu the whole party wouM take up the tune 
aud sing with all their might. He once slmt up a main 
of the species in his garden, and gave a female her 
liberty ; but when she 
beard the male chirp, 
she flew to him ini- 
mpdiately." " 

In the mules of 
the house and field 
crickets, the source of 

the sound is different. ''"'£ud''oi7v''i! ^,iri:iL,'i., „■.,■ bkifi ; .-^lo'li," 
On the inner margin 

of the left wing-cover, about one-third of its length 
^^ from the base, a thickened point is observed, from 
^^L which several strung veins diverge. Tlie strongest of 
^^K these veins, that running towards the base of the wing- 
^H cover, is regularly notched on the under eiile trans- 
^H Tersely, like a file. When the wing-covers aie closed, 
^B this oblique bar of the wing-cover lies upon the upper 
^H surface of the corresponding part of the right wing- 
^^H * "DeScnsibua eitemis Animalium ex^nnguiniiim," Gottmgen ; 
^^H 1T98. I give Kirbf and Speiice's trauBlatioD, 

t - 
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cover, and wlien a tremiilouB motion is imparted to tbe 
wiDg-eovora, this bar rubs againBt the corresponding 
bar of the right wing-pover, and thus prodiici>s iLl- 
familiar eliirping sonnd. 

The song of the Cicadas is produced, ag'iio, in a dif- 
ferent maimer. The muaical organs are internal, are 
placed "at the base of the abdomen beneath, and are 
covered by two largo flat platps attached behind the 
place of insertion of the hind legs, varying in form in 
the different species, being, in fact, the dilated sides 
of the metasternum. . . . The sound issues out of two 
holes beneath the above-mentioned plates, in a manner 
somewhat analogous to the actiou of a violin."" 

Many btetlea have special organs for the production of 
Bounds. A remarkable case is that of the ao-called 
"bombardier beetles," which, wlien attacked, discharge 
at the enemy, from the hinder part of their body, an 
acrid fluid which, as soon aa it eomes in contact with 
air, explodes with a sound resembling a miniature gnn. 
Westwood mentions, on the authority of Burchfll, that 
on one occasion, "whilst resting for the night on the 
banks of one of the large South American rivers, he 
vent out with a lantern to make ati astronomical ob- 
servation, accompanied by one of liis black servant 
boys ; and as they were proceeding, tlieir attention was 
directed to numerous beetles running about upon the 
shore, which, when captured, proved to be specimens 
of a large species of r-rachinns. On being seizcdj they 
immediately begnn to play off their artillery, burning 
and staining the flesh to such a degree that only a few 
specimens could becaptiired withthenaked hniid, leaving 
a mark which remained a considerable time. Upon ob- 

• Wefltwood, " Modern GlnaBlfication of loBeoU," vol. ii. p. 42. 
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were accompanied, tLe oegro exclaimed in his broken 

English, with evideot Burprise, 'Ah, roaasa, they make 

• smoke I ' " • 
A similar means of defence is possesaed by beetles 
beloDging to a very different family — the Paussida). 
Captain Boyes mentiona t that on one occasion, having 
captured a Paussua Ftchtelii " it immediately emitted 
two loud a'ld very distinct crepitations, accompanied 
with a sensiition of heat, and attended by a strong 
acidulous scent. It leTt a dark-coloured stain on the 
fingers resembling that produced by canstic, and 
which hud a strong odour something like uitriu 
acid. A circumstance so remarkable induced me to 
determine its truth, for which purpose I kept it aliro 
till the next morning, and, in orderto certify myself of 
the fact, the following experimenta were resorted to. 
Having prepared some test-paper by colouring it with 
a few petals of a deep red oleander, I gently turned 
the Pausaus over it, and immediately placed my finger 
on the insect, at which time I distinctly heard a crepi- 
tation, which was repeated in a few sei'onds on the 
preeaure being renewed, and each dischari;e was ac- 
companied by a vapour-like steam, which was emitted 
to the distonce of half an inch, and attended by a very 

I strong and penetrating odour of nitric acid." 
I do not, however, refer to these cases as affording 
any evidence that the insects themselves possess the 
{lower of hearing, but merely on account of their 
; 



• Westwood, " Modern ClaBsiflcation of IubcoIb," toI. i. p. 76. 

t "TLo Economy of the PmiaaiiliB," Ana. and Magailiie of NatKral 
Eitiory, vtii. iviii,: sen aleo Pi'tiuguHj'a "Notes ou Tlirce Pnueai," 
SVowuciioiW of the Entomological Society, 1883, p. 133. 
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intrineic interest. Tlie following instancea, however, 
do Beem to imply a power of hearing. 

A well-known ease is that of the death-wateh, 
associated with bo many superatitiona, and supposed 
in old days to be a certain indication of approaching 
death. Id this case the insect produces the sound by 
tapping with its head or abdomen, or, according to 
Doubleday, with ilB thorax. If a male death-watch 
ticks, and there be a female even within several yards, 
she returns the tap, and tliey approach oue another 
slowly, tapping at intervals, uutil they meet. The 
male Ateucbes stridulates to encourage the female in 
her work, and also, according to Darwin, " from distress 
when sbe is removed." • 

It has long been known that among the Longicorn 
beetles many of the species, when alarmed, " produce 
a slight but acute sound by the friction of the narrowed 
anterior part of the mesothorax, or rather a polished 
part of the scufelliim, against the edge of the protho- 
racic cavity, by which motion the head is alternately 
elevated and depressed. It hns been geiierally Btated 
that it was by the friction of the hind margin of the 
thorax against the base of tbe elytra that this sound 
was produced, but this is not the case."t The burying 
beetles (Necrophoriis) produce a snund by rubbing the 
abdomen against the hinder edges of the wing-cases. 

Wollaston, in a short paper on cerlain muMical 
Cnrculiouidffi,} deambes a species of A fall es, which be 
- found in Teneriffe. A number of specimens were in a 
hollow stem, and wlien it was shaken " the whole plant 

* ^'Descent of Man," vol. i. 

t Wcstnood, " Modern Clnsalffcatlon of loseote," vol. i. 

% Ann, and Magazine of Nidaial IIuloTg, ISIiO. 
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appeared musical." In this genns the sound is produced 
by rubbing the tip of the abdomen, bo rapidly that the 
movements were scarcely visible to the eye, against the 
nnder BUrfacii of the eiids of the elytra, or wing-caaoB. 
The tip of the abdomen, though roughened, ia not con- 
spicuously so, the ends of the elytra are shagreeneil, 
though very finely, and WoUastou expresses his surprise 
that so small an instrument could produce so loud a 
noise. He describes a similar structure iu other species 
of the group. 

The cockchafers (Jlelolontha), besides the humming 
of the wings, produce a sound which muy almost be 
called a voice. In the large trachea, immediately 
behind each spiracle, is a chitinous process, or tongne, 
which is thrown into vibration by the air during respi- 
ration, and thus produces a humming noise. 

In the beetles, then, the sonuds produced may be 
divided into three class ps : 

1. Incidental, such as thosu produced during 
flight. 

2. Defensive. 

3. For signals, as in Longicorn beetles, Ateiiche?, 
Anobium, etc. 

Laudois gives the following summary of the different 
modes in which sounds are produced by the Cole- 
optera : — 

1. Tapping sounds (ffestrychidse, Anobium). 

2. Grating sounds ( Elaterida). 

3. Friction without rasping organs {Euehirus hn- 
ffivianug). 

4. Rasping sounds produced by friction, viz, — 

(1) Pronotum on Meaonotum (Cerambycida, with 
the exception of Spondylis and Prionus). 
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(2) Prostennim on Mesosternum {Omaloplia 

brunnea), 

(3) Elytra with r«sp st tlie end (C ureal ion ida ; 

Dytiscida, Pelobins). 

(4) Coxtc with raaj) (Geotrapes, Ceratophyus). 

(5) Cover-margin r«sp rubbiug against the thigh I 

{Chiasoffnathua Qrantii). 

(6) Pygidium with two rasps in the middltt 

(Crioceris, Lema, Copria, rye tee, Necio-f 
phorua, Tenebrioiiida). 

(7) Abdomen with a grating-ridge and foor I 

grating-plates {Trox sotuZosus). 

(8) Abdomen with two toothed ridges rubbing-! 
on cover-margin rasp (Elaphrus, Blethiaa, I 
Cychrus). 

(9) Elytra rubbing with under-wing rasp (PeloHua I 
Eerrmanni). 

(10) Wings rubbing againat abdominal ringlets | 
(Mehlontha/uUo). 

5. Exploding sounds from the tail (Brachinus). 

ti. Sounds produced by the spiraclfs (Melolontha), 

Graber, moreover, has shown by a number of J 
interesting esperiments * that the power of hearing i^ I 
by no means confined to those beetles which are known J 
to produce sounds themselves. 

Passing on to other groups of insects, flies aud gnats, ' 
besides the humming of the wings, produce sounds, 
like the fockchafer, through the spiracles, some of 
which are espeuially arranged for this purpose. If a 
fly be caught and held between the fingers, it will i 
generally make a loud and peculiar sound. The hum. ■; 
of the mosquito is only too familiar to most of ns. 

* "Die Cbordutoual Siunesorgane der IiiBekteii," Anh. /Br A 
Anat, 1BS2. 
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Landoia mentions that he has heard specifs of 
Eristalia and Sjrphus sing while they hare been 
sitting qui:;tly. The dragon-flies (Libellulina) also 
produce a sound by meaoB of their spiracles. 

Among Hymeooptera, the hum of an angry bee is 
proverbial. Nor must I omit to mention the piping 
noise made by young queen beee. It is well known 
that there is only one qneen in a hive, and that 
working bees never turn their back on her; as she 
moves among the combs, they all turn towards her. 
If there has been a swarm led by the old queen, the 
young qneen who has succeeded often makes a piping 
noise, first noticed by Huber, wliose statements are 
generally recognized as correct." Wbiie "singing" 
the queen assumes a particular attitude, and the other 
bees all lower their heads and remain motionless until 
she begins to move again. In the mean while, if there 
are any other young queens which have not yet left 
the cells, they answer the old one, and their notes seem 
to be sounds of challenge and defiance. 

Other bees also produce a sound by means of (heir 
spiracles quite different from the bumming of their 
wings. Mutilla Europeea, a wingless 8[iecies, related to 
and not unlike the ants, makes, wLieu alarmed, a rather 
sharp noise by rubbing one of tlie abdominal rings 
against the other. 

Under these circumstances, Landois aaked himself 
whether other genera allied to Mutilla might not 
possess a similar organ, and also have the power of 
producing sound. He first examined the genus Ponera, 
wliicb, in the structure of its abdomen, nearly resembles 

• Hnlwr, " Obe. snt lea Abcillca ; " Bevuii, " On the Honey IJee ; " 
Lutgstiotb, " On tile Uous; Boe." 
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Mulilla, aud here also he found a fully developed 
Eti'idulating apparatus. 

He tlieii turned to the true ants, and here also he 
foundasimilar rasp-like organ in the same situation. It 
is indeed true that ants produce no souuda which are 
audible by us; still, when we find that certain allied 
insects do produce sounds appreciable to us by rubbing 
the abdominal segments one over the other, and when 
we fiud, in smaller species, an entirely similar structure, 
it certainly seems reasonable to conclude that these 
latter also do produce sounds, even though we cannot 
hear them. Landois describes the structure in the 
workers of Lasius fuliginosus as having twenty ribs in 
a breadth of -13 of a millimeter. lu Lasius flavua I 
found about ten well-marked ribs, occupying a length 
of j-Jg of an inch. Similar ridges also occur between 
the following segments. 

In the flies (Diptera) and dragon-flies (Libellulina), 
the four thoracic spiracles produce sounds; while in 
Hymenoptera, as, for instance, in the humble bee 
(Bombus), the abdominal spiracles are also musical. 
The sounds produced by the wings are constant in . 
each species, excepting wliere there are (as iu Bombus) 
individuals of veiy different sizes. In these the 
larger specimens give generally a higher note. Thus 
the comparatively sm;ill male of Bombm terrestria 
hums on A', while the large female hums a whole 
octave higher. There are, however, small species 
which give a deeper note than larger ones, on account 
of the wing- vibrations not being of the same number 
in a given time. Moreover, a tired insect produces a 
somewhat different note from one that is fresh, on 
account of the vibrations being slower. 
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Indeed, from the note produced we can calculate the 
rapidity of the vibration. The alow Happing of a 
butterfly's wing produces no sound, but when the move- 
ments are rapid a noise is produced, which increases 
in shrillness with the number of vibrations. Thus the 
house-fly, which produces tiie sound of F, vibrates its 
wings 21,120 times in a minute, or 335 times in a 
second ; and the bee, which makes a sound of A', as 
many as 26,i00 times, or 410 times in a second. On 
the contrary, a tired bee hums on E', and therefore, 
ftccordiug to theory, vibrates its wings only 330 times 
in a second. 

Marey hiis succeeded in confirming these numbers 
graphically. He fixed a fly so that the tip of the 
wing just touched a cylinder which was moved by 
clockwork. Each stroke of the wing caused a mark, 
of course very slight, but still quile perceptible, and 
he thus showed that there were actually 33U strokes in 
a second, agreeing almost exactly with the number 
inferred from the note produced. 

The sound emitted from the spiracles bears no re- 
lation to that produced by the wings. Thus, according 
tto Landois, the wing-tone of the hive bee is A'; its 
" voice," if we may call it so, on the contrary, is an 
octave higher, and often goes to B" and G". In one of 
the solitary bees, Anthidium manteaium, the difference 
is still greater ; the wing-tone is G', and the " voice " 
nearly two octaves higher, reaching to F'", 

tThe wing-lone is constant, at lea.<t with the exnep- 
tions just alluded to. The *' voice," on the contrary, 
appears to be to some extent under the control of the 
will, and thus offers another point of similarity to a true 
"voice." Thus a bee in the pursuit of honey huros 
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continually and contentedly on A', but if it is excited 
or angry it prodoces a very different note. Thus, 
then, the Bounds of insects do not merely serve to bring 
the aexes together; they are not merely " love-eonga," 
but also prohuhly serve, like any ti'ue language, to 
express the feelings. 

Laodois also describes the muscles by means of 
which the form of the oi^an, the tension of the drum, 
etc., is altered, and the tone thus, no doubt voluntarily, 
affected.* We can, indeed, only in few cases distinguish 
the differences thus produced; but as even we, far 
removed as we are in organization, habits, and senti- 
ments, from a fly or a bee, can yet feel the difference 
between a contented hum and an angry buzz, it is highly 
improbable that their power of expressing their feelings 
ahould stop there. One can scarcely doubt but that 
they have thns the means of conveying other sentiments 
and ideas to one anotiier. 

Bulteifliea and moths do not habitually produce any 
sound in flight. The texture of their wings is com- 
paratively eolt, and they are generally moved slowly. 
Stili, they are not aitogether silent. 

The death's-head moth {Sphinx cUropos) emits a 
mournful ciy, first noticed by Eeaumnr, This moth, 
he says, " dans le temps qn'il marche, a un cri qui a. 
paru funehre ; au moins est-il le cri d'une bonne ame 
de papillon, s'il gemit des malheurs qu'il annonce. 

" Le cri de notre papillon est assfis fort et aigu ; il a 
quelque ressemhlance avec celui des souria, rnais il est 
plus plaintif; il a qtielque chose de plus lamentable. 
C'est Burtout lorsque le papillon marche, ou qu'il so 

* "Die Ton a^id Stimm AppBrale <!er laeukkn," Zdt. Jiir Win. 



J 



BUTTERFUES — MOTHS. 



73 



i 



Iroiive mill a son aise, qu'il crie ; il crie dans Irs pcmdries, 
daufi les boiatea ou on le tient renfenne ; sea cria 
redoiiblent lorsqu'oik le prend, et il oe cease de crier 
taut qu'on le tient entie les doigts. En general il fait 
grand usage de la faciilte de crier, qae la natnre lui a 
at-oordoe." • 

There baa been imicli doubt how the aound arises, but 
it appears to be ascertained thut the motU produces it 
by rubbing the palpi agaiunt the base of tbe probosci8.t 

Hulier thought, and subsequent writers — ^ua, for 
instauce, Kirby and Spence, and Bevan — have con- 
curred in the opiniim, thut the sound "operates on the 
bees like the voice of their queen, and thus euableg 
the molh to commit the greatest ravages in the hives 
with perfect immunity." J On tlie othur hand, Huber 
ascertained by experimeut that it exercises no such 
charm over humble bees. 

Several other species of the genus Sphinx also pro- 
duce a sound, and a fevr other moths, for instance, 
Noetua fovea. Darwin also mentions § a Brazilian 
butterfly, Ageronia feronia, as making " a noise like 
that produced by a toothed wheel passing under a 
spring catcb, which could be heard at the distance 
of several yards " 

The peacock bulterSy {Vanessa io) || is also said to 
possess the same power. 

For farther di-tiiils with reference to the sounds 
produced by iiisecta, and, indeed, by animals generally. 

• " M^m, p. servir ti, I'HiBtoirB dca loaepteB," 

t Landoifl, "Die Ton uud SLiniiu Apjiurato dor Inai^ktuQ," Zeil./ur 

Wilt. Zooi., Tol. xvii. 

J Bevnn, " On the Ilonoj Bee." § " Doeneot of Miin," vol. i. 

11 "Die Ton and milnm AiTiiaiati; der Insukten," Zeil. fur Wisa. 
loot., 18ti7. 
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I may refer to Landoia's interesting work, " Thier- 
Btinnnen." 

From the fact that the power of producing Bounds 
audible to us ia scattered among so many groups, and 
that the sounds themselves are often so shrill, I am 
disposed to suspect that many insects usually regarded 
as dumb really produce soiinda, which, however, are 
beyond our range of bearing. 

Among centipedts Gerstacker has described* a 
Bound-prodacing organ in Etieorybar crolylue. The 
posterior legs have the fourth segment much enlarged 
aud leaf-like, with the edges raised and formed of 
very hard chitiiie. The legs are rubbed against one 
another, and thus produce a rasping sound. Bourne 
also has recently dcscribedf a stridulaliug organ in 
another genua (Sphforotherium). It is situated just 
behind the twenty-first pair of legs, and consists of a 
hood-like process bearing a number of parallel ridges. 

There is a yery general impression that spiders hear 
well, and even enjoy music! There seems, however, 
very little evidence of any value on the suhject. No 
doubt they are extremely sensitive to vibrations. The 
presence of even a veiy small insect on their web is 
at once perceived. Mr. Boys has shown that the 
vibrations of a tuning-fork affect them strougly.J 
This sensitiveness to vibrations ia, however, not neoes- 
sai'ily the same as a true sense of hearing. Kraepelin 
says 5 that he knows only one observation which seems 
to him to possess sufficient exactness to justify the 
conclusion that spiders possess any sense of bearing — 
namely, that of Lehmann. 

• GerBtftcker, " Stellin Eat Zdt., 1854. 

t Bourue, Linneau JouToal, 1885. % f^alare, vol. ixilL 

$ " UebCT die GerucbBorgaoe det GlioJtrthiote." 
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It would be, on tbe other linnd, most unsafe to 
concJnde that spiders are incapable of liearing. Dohl ' 
has given reasims for believing that some of tlieir hairs 
seiTe as auditory organs. WestrJng hns discovered, 
in certain species of Tlieridium (T. lerrati^, ocuJatum, 
castatieum, ett-.), a BtriduUting organ, consisting of a 
sort of raised bow attached to the up|ier part of the 
abdomen, which nibs against tbe under and hinder 
part of the ccphalothorax, producing a whirring sonud. 
Lebert t naturally observes tbat this apjieara to indicate 
a power of bearing on their part. 

As regards inse?ts, it would be ensy to multiply such 
evidence almost indefinitely ; I have given more illus- 
trations than I should probably have otherwise thought 
necessary, because so excellent an observer as Furel, 
whose opinion I ithould value on such a point aa much ai 
thot of any authority, expreases doubt whether insects 
really hear at all. "Ce qu'on aemble," he says, in bin 
last memoir on the subject, "consiilerer comme prenve 
de I'ouie me paroit comme a Duges repoaer a peu d'escep- 
tions pres sur des ^branlements me<.'aniqucs He I'air on 
du sol qui Bont simplement perjus comme tels par les 
organes tactiles des insectes. Cela correspond a peu 
pres a la derniere opinion de Gruber sur " i'ouie " do 
la Periplaneta. Mais on n'a pas le droit de nommer 
ouie de pareilles sensations." J 

Graber, however, has endeavoured to meet this 
objection by an ingenious esperiment.§ lie placed 
some water-boatmen (Oorixa) in a deep jar full of 
jlisnrgane der Bpinueu," Arch. fUr ilh: 



• "Daa GoUor-und Gur 
Anal., ISSS. 
+ "Die Spinneii der Sch 
J A. FotoI, '• Sen 
§ Areb'/iir Mic. Anat., 
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water, at the bottom of which was a layer of mud. 
He dropped a stone on the mud, but the beetles, 
which were reposing quietly on some weeds, took no 
notice. He then put a piece of glass on the mud, 
and dropped the stone on to it, thus making a noise, 
though the disturbance of the water was the same. 
Tbe water-boatmen, however, then at once took flight. 
In face of all the evidence, then, I do not think 
there can reasonably be any doubt on the subject, and 
it seems to be clearly established that insects do possess 
the sense of hearing. 



CHAPTER V. 

THE ORGANS OP HEAUING. 

That many of the lower animals have special organs 
for the production of sound, and possess the sense of 
hearing, has been shown in the preceding chapter. 

I now proceed to consider the mechanism by which 
sounds are perceived. In our own ear we have, first 
of all, the exterual ear, much less important in man 
than in many other animals, as in the horse, for 
instance, where it may be seen moving continually, and 
almost automatically assuming the position most favour- 
able for conveying the waves of sound down the outer 
passage (Fig. 46, D) to the tympanum, or drum. This is 
a membrane stretched between the outer air on the one 
hand, and the drum on the other, which also contains 
air, transmitted through the mouth by means of the 
Eustachian tube (Fig. 46, E). The drum is separated 
from the brain by a hard, bony partition in which are 
two orifices, one oval and the other round. Across the 
drum stretches a chain of little bones (Fig. 47) ; first 
the "hammer," secondly the "anvil," and lastly the 
" stirrup/' The flat pLite of the stirrup, again, lies 
against the oval orifice, or fenestra ovalis, as it is techni- 
cally called, of the drum. Thus the sounds are intensi- 
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fied by being conveyed from the tympanic membrane 
to one whicli is twenty times smaller. Behind the 



lenestra ovalis is the labyrinth, which is filled with fluid, 
«nd on which ihe final 
filaments of the auditory 
nerve are distributed. 
Thia fluid is thrown into 
vibrations by those of the 
stirrup, hut as it is en- 
closed in a bony case, the 
vibrationswouldbegreatiy 
curtailed it' it were not for 
the Sficond metnbiane, or 
S/ fenestra rotunda. This 

^^M'm?ufi"."I.'Sfior"r ^^™"ihc rcind membrane, there- 
"'m\i^Mj''st*'^iX'^™Bli''^ot''iiie ^"'■^» ^'^^^ ^" ^ counter 
'"■™"' opening, for if the fluid is 

compressed in nne plaee, it must claim more room in 

another. The labyrinth consists mainly of two partf, 
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the eoehlea and the semicircular oaDiils. Tlie semi- 
circular canals are three in niimber, and stand nt right 
angles to one another. No satisfartory explanation of 
their function has yet heeu given ; but there ia some 
evidence that, in addition to, or apiirt from, hearing, 
they are affected by the position of the head, and thus 
serve as organs for maintiining the equilibrium of the 
body. Each of the canals coramencea with an oval 
dilatation, or ampulla. 
In the ampulla is a 
projecting ridge, on 
which are long, stiff, 
delicate, hair-like pro- 
ceaseii, the vibrations 
of which probably give 
certain sound-seusii- 
tions. In the canids 
certain pnrfs tiear 
shorter liairs, over 
which are minute ear- 
stones, or otolithes 
coDsistiog of carbonate 
of lime, embedded in 
& geliitinous substance. 
The cochlea contains, 
moreover, a coiiipli- •naiwrj mm. 
cated and wonderful organ, discovered by Count Corti, 
This appears to be, in fact, a microwcojiic musical instni- 
ment, composed of some four thousand complex arches, 
increasing rogidiirly in length and diminishing in 
height from the base to the summit of the cochlea. 
The waves of sound have been supposed to play on 
this organ, almost like the fingers cf a performer on 
the k(-vs of a musical iiistiument. 
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The fibres of Corti, according to Ilehnlioltz, may 
be distribated among the seven oftaves which arc in 
general use, so that there will bo 3li;\ fibrt'S to every 
semitone, and 400 to each octavo. WoIkt lias esti- 
mated that a skilful ear can perceive a diffenMico even 
of the gf^ of a tone, or nearly four thousand sounds, and 
this would agree fairly well with the number of iibn^s. 

But why, it may be asked, should a ^iven musical 
sound act more on one of these " keys " tlian another ? 
If several tuning-forks which sound diflereut notes 
are placed on a table, and anotlier in vibration be 
brought near them, the one sounding the same note is 
thrown into vibration, while tlie others are unaftpcted. 
A second tuning-fork would affect its own fellow, but 
no other, and so on.* A very slight change in the 
tuning-fork, such, for instance, as would bo made by 
fastening a piece of wax to one of tlie i>rongs, is 
su£Bcient to destroy the sympathetic vibrations. The 
sound of the human voice has been known to break a 
bell-shaped glass by the agitation thus caused. The 
difficulty is to hit the pitch with suflicient precision, 
and retain the tone long enougli. It is probable, 
therefore, that each of Curti's arches is set for a 
particular sound, and sensitive to it alone. This 
suggestion derives additional probability from the 
observations of Hensen (see p. 93) on the auditory 
hairs of Crustacea. 

We thus obtain a glimpse, though but a glimpse, of 
the manner in which the arches of Corti may possibly 
act. There are many problems still to be solved, but 
it is at least easy to see that so complex an organ may 
be capable of conveying very complex sensations. 

♦ Hdmhwllz, " Scusations of Tone." 
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On the Organs of Heahiso in the Lower 
Animals. 

The Bemicirculiir canals in the human ear (see p. 79) 
have been supposed by some, in Hddition to, or apart 
from, their functions as organs of hearing, to assist in 
maintaining the equilibrium of the body ; at all events, 
when they are iujured, the movements frequently be- 
come disorderly, and the otolithic organs of the lower 
animals appear, at any rate in certain cases, to perfurm 
a similar function.* 

Otolithes, aa we have seen, are present in our own 
ears, but they play a much more important part in 
those of the lower animals. In tlie lowest, the sound- 
waves may be considej'ed to produce a certain effect 
upon the general tissues. The soft parts of the body 
are, however, not well calculated to receive snch 
impressions. Their effect would be heightened by the 
presence of any solid structures, whether spicules, aa 
in sponges, etc., or solid hairs projecting from the 
general surface, as in a great many of the lower 
animals. 

The Medusue (jelly-fishes, Fig. 50) present round the 
edge of the nrnhrella certain "marginal bodies," with 
refiarence to which there have been great difl'erences of 
opinion. 0. F. Miiiler, by whom they were discovered, 
regarded tliem as orifices for the exclusion of digested 
food, Eoaenthal and Escholtz considered them to be 
glands, Milne Edwards as ovaries ; but it seema now 
clearly established that some are organs of hearing, 

' • Delage, "Sur nne foDction oni 
Eep., 1887. Engelraiiiin, •■ Uubcr 
A»s., 1887. 
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and others of sight. Some Bpeciea possess both, but, as 
a general rule, among Medusni, where organs of hearing 
are present, those of sight are wanting, and vice versa. 
It may aeem extraordinary that there should be such 
differences of opinion as to these organs. The earlier 
naturalists, however, had but imperfect mieroaeopes, 
and probably often examined specimens in a bad state 
of preparation. As regards the alternative between 
the view that they served as eyes and that which 
regarded them as ears, it must, moreover, be remem- 
bered that as long as we merely know that there was 
a capsule containing a transpureut body, the function 
might well be doubtful. 

The auditory organs of the jelly-fishes were first 
recognized as such by Kolliker.* They are ranged 
round the umbrella, and vary considerably in numberj 
ranging up to sixty in Cunina, eighty iu Milrocoma, 
and as many as six hundred in (Eqnorea, 

There are three types. In the first, the auditory 
organ is an open pit, lined with eells. The majority of 
tliose on the outer side contain an otolithe, while a row 
on the opposite side are straji- 
sbaped, their free ends termi- 
nating in auditory hairs, which 
reach to the cells containing 
the otolithes, while their inner 
ends are continuous with fibres 
from the inner nerve-ring. 
Fig.si.— Aodito^orgadoronior- In such an auditory organ 
"*" "■s""'"'"^- as that of Ontorchis (Fig. 51), 

the otolithes present a very deceptive resemblance to 
the lenses of an eye. 
• "Ueber die EniLcJIiorper der Qiinllea," Froriept Ntve Not., 1813. 




86 MEDUSA. 

bearing at ibe apex one or more sometimes spberical, 
sometimes prismatic, otoHthes. In some caaea tlie 
organ becnmea enclosed in a cup, which in Geryonia 
closes at ibe top. 

In another fKraily of the Hyilromedusffi, the OeeanidK, 
these organs are absent, and appear to be replaced by 
certain pigment spots at the base of tbe tentaeles, 
which, howeverj from their etructure are considered to 
be rudimentary organs of vision, atd will be described 
in tbe chapter on eyes. 

, Some species have, in adili- 

tion, other organs, obviously of 
sense, but the function of which 
is still far from clear, Fig, 54 
represents one of these curious 
sense-oi'gans in Pelagia, after 
Hertwig. It is in the form of 
a somewhat bent finger, ia 
situated in a deep fold of the 
umbrella, contains a branch of 
the gastrovascular canal, and is 
filled at the tip with a group of 
olid, shining, roii-like crystals. 
The auditory oi'gau in worms 
and molluscs CMUsists of a 
closed vesicle, containing one 
or more otolithes, and lined with nerve-cells, which are, 
in the higher groups, connected at their base with the 
auditory nerve, and bear setee at the other end. De 
Quatrefages was the first who established clearly the 
existence of auditory organs in worms. 

In tbe Molliisca, tbe existence of an organ of hearing 
in some Gasteropods was justly inferred by Grant from 
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the fact that one epecies, Tritonia arborescens, emita 
certain sounds, doubtless intended to be heard by its 
fellows. 

Tlie eiliffi coutaineJ in the amiitory v 
timra short, and scattered ovw 
the genenil surface, as in Uni() 
(Fig. 55); soinetimea long and 
bome on papillary projections, as 
in Carinari* and Pterotiachea * 
(Fit;. 56), where also there are 
certain special cells, supposed to 
act as buffers or dampers. The 

. i-.i, ■ „ .' -I J ^F' 65,— Aiidltury organ of 

otouthe IS sometimes single, and &niui ftpr wdigi, o,Nerve, 
nearly spherical, as m Acephala ' ""°' "' "'''"' * """"""■ 
and Hetei'opoda, and consists of calcareona matter with 
an organiu base; in the Gasteropoda, Pteropods, and 



' vesicle are some- 
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rumerotis, and sometimes, aa in Cyrabnliaj collecl 
into a mulberry-like group. 

Ill many cases tbe auditory sac rests directly on tha 
ganglion. 

The actual mode of termination of the nerves 13 still 
uncertain. 1 have already mentioned that vibrations, if 
fi'wer than thirty in a second, do not prodace on us the 
effect of sound. But it ia possible that these organs in 
the lower animals are intended quite as much to record 
movements in tbe waterasforhearingproperly so called. 



The Organs of Hearing in Cecstacea. 




It was long supposed that the auditory organ of the 

Crustacea was situated in the basal segment of the . 

outer antenna. The true auditory organ was, indeed, 

discovered by Bosenthal in 1811," who, however, re- I 

• Rtil'» Areti. far Fhyi., 1811. 
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gariled it as an olfactory organ, at did vilso Treviranus, 
Fabricius, Scarpa, Brandt, Milne Edwards, and, in fact, 
the older naturalists generally. The discovery of its 
tiae nature is due to Farre,* was confirmed by Huxley f 
I and Leuekart, and is now generally admitted. It is 
a sac situated in tlie base, or first scgmenl, of the 
la^^ser pair of antenme, which is sliglitly dilated. In 
some species the eac commuuicatfts Iretdy wilh the 




water by means of an orifice situated towards the inner 
and anterior margin, and guarded by rows of fine 
hairs. In oihi'rs the orifice is closed, but its position 
is always maiked, as ihe auditory sac is at this point 
connecled with the wkin. 

Both contain otolithes. Those of the closed aacs are 
generally rounded; while, on the contrary, those of 



PMlaiBphieal Tramadions, 18J3. 
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the open sacs are simply grains of sand, and are so 
numerous as 8ometime9 to occupy one-fourth, or eren- 
one-third, of the sac. 

Parre stated that the otolitlies in the auditory sacs 
of Crustacea were simply grains of sand, selected hy 
the Crustacea, and put into their own sacs to serve aa 
otolithes. It seemed, however, so improbable that 
Crustacea should pick up suitable particles of saud 
and place them in their ears, that the statement was 
not unnaturally received with incredulity. The obser- 
vation of Hensen appears, however, to leave no doubt 
on the subject. The sac, whether open or (dosed, is au 
extension of the outer skin, and is cast with it at each 
moult. Hensen examined them shortly after moulting, 
and found that the sacs contained no stones; he siiw 
the shrimps carefully selecting particles of sand, but 
could never detect one in the very act of placing 
one in the auditory sac. He therefore pliiced some 
hhrimpa in a vessel of filtered sea-water, and strewed 
over the bottom some crystals of uric acid. Soau 
afterwards one of the shrimps moulted, and the auditory 
sac was fouud on esamiuatiou lo contain a few grains 
of sand, but no crystals of uric acid. Three hours 
later, however, Hensen found that the new sac con- 
tained numerous crystals of uric aoid, but none re- 
sembling common sand. Evidently, therefore, the 
Crustacea pick up grains of sand, and actually intro- 
duce them into their own ears to serve as otolithes. 

Otolithes are not, however, uuiversiilly present. In 
the true crabs (Brachyura) they appear to be always 
wanting, so that the auditory hairs (which present very 
nearly the same character aa those of the lobsters, etv.) 
are capable of being thrown into vibraliims withnut the 
mediation of utolitlies. 
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The interior of tlie sac is thus deBcribed Ity Farre: 
■' Along thu lower eurfnce of the vestibular aao is aeen 
running a semiL-ircular line, broader at its nppcr tlian 
its lower extremity (Fi;;. oS, 6). Tliis part is more 
easily examined after the sand hat been washed away 
by agitation under water. It is then seen, with a power 
of IS-linear, to cnnaist of several rows of ciliated pro- 
cepses, of which one row ia more regular and prominent 
than the rest, and Croats the entire margin of the 
rid^. The proces-es diraiuish in size and number 
nn either side, and are in some places seen in groups, 
but always a-surae the geuL-nil form represented in" 
Fig. 58. ■ 

In Astacus there are f.'Ur rows of hairs. The first 
are somewhat scattered, and above the otolithes; the 
second consists of larger hairs, arranged close together; 
the third and fourth are smaller agmn, aud mure scat- 
tered. These three rows of hairs are covered by the 
otolithes. They stand in connection with the terminal 
fibrils of the acoustic nerve, and through their vibra- 
tions the sense of sound is suppo»ied to be conveyed. 
In the lobster Uenseu counted 548 auditory hairs. 
He divides auditory hairs of Crustacea into three 
classes: otolJthe hairs; free hairs, enclosed in the audi- 
tory sac ; and auditory hairs on the outt-r body surface. 

These hitter auditory hairs (Fig. 59) are situated 
over an orifice in the cliitiiious integnmeiit, and stand 
in direct communication with a fibril from the nerve; 
the stem of the hair does not rest directly on the 
chitinous integument, but is supporttid by a deliuate 
membrane, which is sometimes diluted at the base; the 
edge of the cliitine at one aide of the hair is raised into 
a tooth ; lastly, according to Henson, each auditory hair 
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possesses a sort of appendage, or languette, to wbioh tlie 
nerve iB attached. 

As fur as details are concerned — the 
^— r furm of the t^ai; the nuraher, form, and 
arrangement of the hairs, etc.— the 
auditory organs of the Crustacea offer 
endles8variation3 in the different SI 
while very constant in eacii. 

In the higlier groups the auditory 
sac is always at the base of the small 
antenniE. In one of the lower forms, 
hnwB\er — the curious genus Mysis — 
the ear is situated in the tail. 

The genus Mysis (Fig. 61) is a group 
of Crustaceans, in outward appearancs 
very like shrimps, hut differiujj in the 
n'uM)'''"^'"'^' ahsence of external gills, and in the 
strncture of the legs and other par- 
ticulars, BO that it is placed in a different family. Frey 
and Lenclcart, moreover, made the interesting discovery 
that it possesaea two ears in its tail. 





f 



The tail, like that of a loheter, cousiats of five flaps. 
In each of the two smaller flaps is an oval sac (Fig. 62) 
containing a single, lens-shaped otolilhe, ronsistiiig of 
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a ealoareoua mutter embedded in aa organic aiibstuDoe. 
That Crustacea do, as a matter of faet. possess the power 
of perceiving soimdc, there (.'an be no doubt. Heusen 
himself lias made various experiments oq the subject. 
Moreover, stryclinine possesses the peculiar property of 
augmenting tlie reflex power of the nerrous centres- 
Taking advantage of this, Hansen placed some shrimps 
in sea-water conlaining strychnine. He then found 
that they became ex- 
tremely sensitive to even 
Tery alight noises. Further 
than this, Hensen availed 
himself of Helmholtz'a re- 
searches on the perception 
of sound, and, suspecting 
that the different hairs 
might be affected by dif- 
erent notes, found tliiit was 
actually the case. 

The vibration of the hairs 
is mechanical, not depend- 
ing on the life of the 
animal. Hen^^en took a 
Myais, and fixi^d it in such a position that he could watch 
particular hairs with a microacnpe. He then sounded 
a scale ; to most of the notes the hair remained entirely 
passive, but lo some one it responded so violently and 
vibrated po rapidly as to become iovisible. When the 
note ceased, the hair became quiet ; as soon as it was 
TCBOunded, the hair at once began to vibrate again. 
Other hairs in the same way responded to other notes. 
The relation of the hairs to particular notes is probably 
determined by various conditions ; for instance, by its 
leugtb, thickness, etc. 
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That these plumose hairs, then, reiilly serve for hear- 
ing may be iafeneci, not only from tlieir structure and 
position, but also from the observed fact that they 
respond to sound- vibrations. 

Hensen's observations * have been repeated and 
verified by Helmlioltz. 



The Obqans op Heariso m Insects. 

I now pass on to insects. There has been great 
diderence of opini'in as to the seat of the organ of 
hearing in this group. 

The anfennie have, as already mentioned, been re- 
garded as ears by many distinguished authorities, 
including Sulzer, Scarpa, Srhneider, Bolk-Hausen,- 
Bonsdorff, Cams, Stniuss-Diiikbeim, Oken, Eurmeister, 
Kiiby and Spence, Newport, Landois, Hickf, Wolff 
and G-raber, wlio have supported ihtir opinion by 
numerous observaliuns, 

Kirby stutes that once " a little moth was reposing 
upon my window ; I made a quiet, not loud, but distinct 
noise: the antennse nearest to me immetiiately moved 
towards me. I repeated the noise at least a dozen times, 
and it was followed every time by the same motion of 
that organ, till at length the insect, being alarmed, 
became more agitaled and violent in its motions." 
And again; "I wus once observing the motions of an 
Apion (a small weevil) under a pocket microscope ; on 
seeing me it receded. Upon my making a slight 
but distinct nuise, its antennre started. I repeated tl a 
noise several times, and in\ariably with the same 
effect," t 

• "Sensations of Tone." 

t Introduction to " Enlumology," Kirbj und Spence, vol. iv. 
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Among bcotles, the genus Cojiris, "particulfirly," sa 
Newport, " Cop™ molossus, in whii-h I first remarked 
it, have thf! Rntennie composed of ten joints, the last 
thieeof wbich form the knob or club with which it ia 
surmounted. 

" When the insect is in motion, these plates or audi- 
tory organs, if we may be allowed so to call them, are 
extended as wide as possible, aa if to direct the insect 
in its course ; but upon the occurrence of any loud but 
sudden noise are instantly closed, and the antennae 
retracted as if injured by the percussion, while the 
insect itself stops and assumes the appearance of death. 
A similar use of the anteunie is made by another family, 
Geotnipida;, which also act in the same manner under 
like circumstances. 



"These facts, connected with the previous espen- 
ments, have convinced me," he says, "that the antennse 
in all insects are the auditory organs, whatever may 
be their particular structure ; and that, however this 
LB varied, it is appropriated to the perception and 
transmission of sound," f 

Will has made some interesting observations on 
some of the Longicorn beetles (Cerambyx), which 
tend to confirm this view. These insects produce 
a low shrill sound by rubbing together the prothorax 
and the meauthorax. The posterior edge of the 
prothorax bears a toothed ridge, and the anterior ond 
of the mesotliorax a roughened surface, and when tiiese 
are rubbed together, a soniid is produced something 
like that made by rubbing u quill on a iitie file. 

■ Newport, "On tlic AntenniB of luBCctj," Traiisticliuiis i>J tU 
Entom^ •giral SoriHy, 18uC-10, vol. ii. 
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Will took a pair of Cerambyx (beetles), put the 
female in a box, and the male on a table at a distance 
of about fifteen centimetres (fonr inehes). Tbey were at 
first a little reatlesa, but are naturally calm insects, and 
soon became quiet, resting as ueaiil with the antenose 
half extended. The male evidently was not conscioas 
of the presence of the female. Will then touched the 
female with a long needle, and she began to stridulate. 
At the first sound the male became restless, extended 
Ilia antennffi, moving them round and round as if to 
determine from which direction the sound came, and 
then marched straight towards the female. Will 
repeated this experiment many times, and with dif- 
ferent individuals, but always with the same result. As 
the male took no notice of tiie female until she began 
to stridulate, it is evident that he was not guided by 
smell. From the manner in which the Cerambyx was 
obviously made aware of the presence of the female by 
the sound, \\ ill considered it clearly proved that in 
this case he was guided by the sense of hearing. 

Will has also repeated with these insects the experi- 
ments I made with ants, bees, and wasp.a, and found 
that they took no notice whatever of ordinary noises ; 
but when he imit;ited their own sounds with a quill 
and a fine file, their attention was excited — they 
extended their antennfe as before, but eTidently per- 
ceived the difference, for tliey appeared alarmed, and 
endeavonred to escape.* 

Hicks in 1859 justly observed that, "Whoever has 
observed a tranquilly proceeding Capricorn beetle which 
is suddeuly surprised by a loud sound, will liavo seeu 

* Will, " Du8 GesoliiaacliBoigaQ der Iiieelttei)," Zuil, fiir. Wim. Zaot^ 
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how immovably outward it spread its antcnrifR, and 
holds them purroot, as it were with g;reat attention, as 
long as it listens, naii how carefully the insect prut'eeda 
in its course when it conceives that no danger thrfatens 
it from the unusual noise," • 

Other similar observations might be quoted, bat 
these autSciently indicate that in some insects, at arty 
rate, the organs of hearing are situated in tlie antctince. 

On the othf-r hand, Lehmanu long ago observed 
that the bona 4 cricket (Acheta domestica), when 
deprived of its antennie, i-cmiuoed ns sensitive to 
sounds as previously, This is quiiy oorrect ; and yet, if 
a cricket be decapitated, and a shrill noise be made 
near the head, the antennse are thrown into vibration 
by each sound. 

In fact, not only do tlie highest authorities difftr, 
but the observations themselves appear at first sight 
to be coDlradictory. The esplanuliuu seems to be tliat 
the sense of hearing is not confined to one spot. That 
the antenme do serve as ears, at least in some insects, 
the evidence leaves, I think, no room for dnubt, Hut 
there is no rsHSon, in the nature of things, why the 
sense of hearing should be cojifined to one part of tlie 
body. Taste, indeed, would he useless except in or 
near the mouth, and almost the same may be said of 
smell. But the sense of touch is spread, in greater or 
less perfection, over the whole skin. Indeed, there is 
among the lower animals a great tendency to repeti- 
tion, aTid not least so among,-t insects. The body con- 
sists normally of a number of segmenis, each with a 
pair of appendages and a ganglion. There are three 
pairs of legs; two pairs of juwa, opening, uot vertically, 

• Trangnclioni of the Liitncan Society, vol. sxii. 
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as ours do, but laterally; sevei'al paira of breathing- 
holes arranged along the Bides of the body ; and two 
kinds of eyes. Moreover, unquestionabie organs of 
sense occur in very different parts of the body. The 
Crustacean genua Mysis, as already mentioned, has ears 
in its tail; one group of aea-worma (the Polyoph- 
thalmata) have a pair of eyes on each segment of the 
body. 

Of Amphicorine, a small worm of onr coasts, M. de 
Quatrefages says that often," "C'est la queue qui marche 
la premiere, explorant ^videmment le tcrraiu aveo une 
grande activity et donnant autant de signes d'iutelli- 
gence et de spontancile que pourrait le faire la partie 
anterieure da e^rps. . . . Cette queue porte a son 
extremite un disque clargi sur lequel sont places deux 
points rouges. . . . Je ne 
I niets nullemeut en doute que 
) points ne soient en effet 
3 organes de vision." He 
was not able, indeed, to make 
out their finer structure. On 
the other hand, the lateral 
eyes of the Polyophthalmata 
possess a wpU-formed lens. 

We need not, then, assume 

that the organs of 1 

in inseols must 

be in the head, or, indeed, 

J that they need be concen- 

^m^L'^'' """"" '^ '' "' *' (""ated in one piirt of the 

body. 

It had long been known that grasshoppers and 
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cricltets have on tlieir anterior legs two peculiar, glassy, 
generally more or leaa ovul, dnimlike stmclures; but 
these were supposed by the older entoniologiata to 
serve as resonators, and to reinforce or intensify the 
well-knoivn chirping sounds which they produce. 

Johannes Miiller was the first who suggealod that 
these drums, or tympanii, act like the tympanum of our 
own ears, and tliat tiiey are really tiie external parts 
of a true auiiitory apparatus. That any animal should 
have its ears in its legs sounds, no doubt, a priori 
yery unlikely, and hence probably the true function of 
this organ was so long unsuspected. That it is, how- 
ever, a true ear the fnUowing particulars, taken 
especially from the memoirs of MuUer," Siebold,t 
Leydig.t Ut!nsen,5 Graber,|| and Schmidt,1[ conclusively 
prove. 

The Leaping Orthoptera fall into three well-marked 
groups : the locusts {Locustida2), which have short 
anteunos; the crickets (Achetids). which have long 
antennis, and the wings flat on the back ; and, thirdly, 
the Gryllidra, or grasshoppers (us I may perhaps call 
them), which have also long antennie, but in which 
the wings are sloping. This is the nomenclature 
adopted by English aulhoriiies, such as Westwood ; 
but unfortunately many foreign entomologists cull the 

* "ZurTargloIeLanden PhyBinlpgiedeB Geaiolitainnea." I82S. 

t "Ueber dio Btimm und GeiiiJrorgriue der Orttiopleren," Arch./Or 
Natur gesohichtt, 1844. 

t "Ueber OeruohMiud Oeliurorganu der Krebse aud lusukten," 
Rficherts' Areh. fUr Anat , 18L0 

§ "Ueber das GehororRnn Ton Loonsta" Zpi( Kr Win. Znai., 18CB. 

II " Die Tytiipiinalen Sraneaoppanite dor Orthcipteren," Arch, fiir 
me. A«at., yol. ii., 1875 

1 "Die GehoriTgnne der HtuotLnctiu," Arch, fur Mic, Auat, 
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prickets GrylliiltD, the grasshoppers Locustidte, and the 
locusts Acridiidoe.* 

In grasshoppers (Gryllijfe) and crickets (Achetidie) 
the auditory organ lies in the tibia of the anterior leg, 
on both eides of whJL-h there is a disc (Fig. 6iS), generally 
more or less oval in form, and differing from the rest 
of the sarfacQ in consisting of a thin, tense, shining 
membrane, surrounded wholly or partially by a sort of 
frame or ridf;e. In some spucies the two tympana are 
similar in form ; in others they differ. For instance, in 
the field cricket, the hinder tympanum is elliptic, 
the front one nearly circular in outline. 

In many of the Gryllid;e, the tympana are protected 
by a fold of the skin, which projects more or less over 
them. The corresponding sjiiracle is also specially 
modified in the stridulutiiig locusts, while in those 
which are dumb it is formed in the same manner as 
the others 

The tympana are not always present, and it is an 
additional reason for regarding them aa auditory organs, 
that both among" the Achetidie and the GryllidEe, in 
thoBO species which possess no stridulating organs, the 
tympana are also wautiug.f 

• The desductivo "locuat" of the Eaat, which ie lo nnmeroni that 
in one year one Govorament' in CjpniB dcstrojed no leea tlian 
150,000,000,000 of yggB, aud whose ravajjeB are UBod in Eastern poetry 
as tjpee of destructiTcuesB, hati short Dntennie, anil belongs to the first 
division ; to which, therefore, English entomologists apjil; the name 
Locuela, while our foreign fcieuUs, on the contrary, applj the name to 
a totally differeut insect. Uonever, I merely refer to this now, lo explain 
why the terms I hare used do not in all cases agi'ee with thoao 
adopted by the abBeTlors to whom I nm referring, 

•f This rule scema, howovcr, not to bo entirely without eiceptionB. 
At Itast, Aspidouotus and Hetrotca are said to possess tympaua, hut 
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Grabpr regards the covered tympana as a devolop- 
meiit from the ojien ones, and angj^ests that in time 
to come the species iu whifh the tympiiDa are now 
exposed may develop a covering fold. 

If now wo esaiiiine the interior of the leg, the trachea 
or air-tube will be fonnd to be remaikably modilied. 
Upon entering the tibia it immediately enlarges and 
diyides into two branches, which reunite lower down. 
To supply air to this wide trachea the corresponding 
spiracle, or breath ing-hole, is considerably enlarged, 
while in the dumb species it is only of the usual size. 
An idea of the form of the trachea will bo given by 
Fig. 09, which, however, represents the anterior tibia 
of an ant, where these tracheee are less considerably 
enlarged, and where one of the branches is much smaller 
than the other, while in locusts they are nearly equal 
in width, and one lies against each tympanum. The 
enlarged trachea occupies a considerable part of the 
tibia, and its wall is closely applied to the tympanum, 
which thus has air on both sides of it ; the open air on 
the outer, the air of the trachea on its inner surface. 
In fact, tiie trachea acts like the Eustachian tube in 
our own ear; it maintains an equilibrium of pressure 

no itridnlnting n.pparatiis. For inBtance, in Che fullaning fnrmi, both 
the atridolatiuf; apparatus and the tympana ure absent, Tin. : — 
Among the (Ecanthiiln : Fhalan^psia and QrytlotDorplia (liotb are 
winglcBA). 
r, PlatydaotylidM : Motrjpn and Parametrrpa (both wiog. 

leaa). 
,1 TottigonidiB : Trigoiiidium. 
„ GryUida r Gryllue apltrue, Piirabrnnlii/ti-iipef Australis. 

and ApiotHrsns (all niuglcsB). 
„ Giyllotalpldie: Tndanlylni apiralie. 
^ MogopliatidiB : MogopllBteii, Myrnierapliiln, Fliysoblummii 
(all winglaae)) and Caonplistna. 
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on each side o£ the tympanum, and enables it freely 
to transmit the atmospheric vibrations, 

Tliese tracheie, though formed ou a similar plan, 
present many variations, corresponding to those of 
the tympana, and showing that the tympana and 
the txacheffi sland in intimate connection with one 
another. For instance, in those species where the 
tympana are equal, the tracheae are so likuwise; in 
Gryllotalpa, where the front tympaunm only is de- 
veloped, though both tracheal branches are present, the 
front one is much larger than the other ; and where 
there is no tyropannm, the trachea remains compara- 
tively small, and eveu in some cases, according to 
Uraber, nndivided. 

The tibia is lima divided into three parts, as shown 
in the diagram (Fig. 64), the central 
portion buing occupied by the two 
trachete (Fig. 64, ir, tr). 

Of the other two spaces, one (the 
lower one in the figure) is occupied 
by the muscles, nerves, etc., while 
the other is mostly filled with blood, 
which thus surrounds and bathes the 
auditory vesicles and rods (ar). 
i\!i 61 — SfcHoB tiiroiigh The acoustic nerve — which, next 
MmpBiufl, ^''x ' fl°bout to the optic, is the thickest in the 
ir"hci7ir| iiie''su^ ^f^^J — divides soou after entering 
""^"^ the tibia into two branches; the one 

forming almost immediately a ganglion, the supra- 
tympanal ganglion, to which 1 shall refer again pre- 
sently; the other passing down to tite tympanum, 
where it expands into an elongated flat ganglion, known 
after ita discoverer as the organ of Siebold (Fig. 65), 
and closely applied to the aulerior Irai'heic. 



STRUCTURE OP EAR. 1' 

It is well Bbowii in Fi^. 65, taken from Graber. At 
the upper part of the ganglion ia a group terioiDatiiig 
below in a single row of ve8ideB,the first few of which 




are approximately eqnal, bnt which subsequently 
diminish regularly in size. Each of these vesicles is 
connected with the nerve by a fibril (Fig. C5, vN), and 
contains an audilory rod (Fig. (i6). 




AUDITORY RODS. 

Onii of these auditory tods is shown in Tig. 66, 
and the general arrangement ia shown in the euhjuined 
diagrammatic figure {Fig. 67). The rods 
were first described by Siebold, who con- 
sidered them to be auditory from their 
assuciatioQ with the stridnlating organs. 
They have eince been discovered in 
many other insects, and may be re- 
garded as apecially characteristin of the 
acoustic organs of insects. They are 
brightly refractive, more or leas elon- 
gated, slightly club-shaped, hollow (in 
which tbey differ from the retinal rod»), 
and terminate, in Graber's opinion,* in 
a separate end-piece (Fig. 66, ho). In 
lia of~»''gia2 different insects, besides being in some 
■^diiiiiiHu (ifter cases more elongated than in others, 

Gntier, Fig. SO). ,, . . . jr. 

fp, loanory tod; thev present various minor modiuca- 
"° ^ ' tions in form, but are nearly uniform in 
size — about 'Oie mm. ; being as largp, for instance, in 
the young larva of a Tabantts (2 mm. long) as in 
much larger insects. Tliey are, as we shall see, widely 
distributed in insects, but as yet unknown in other 
animalfl. 

At the upper part of the tibiiil organ of Ephippigera 
there ia, as already mentioned, a group of cells, and 
below them a single row (Fig. 65) of cells gradually 
diminishing in size from above downwards. One can- 
not but ask one's self wliether the gradually diminish- 
ing size of the cells in the organ of Siebold (Fig. 66) 
may not have reference to the perception of different 

" Graber, "Dis ohordotonalen Binneaorgane und dns Gehur dor 
IngektcE," Areh/Sr Mio. Anat., 1882. 
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Dote», as is tlie cast; witli the series of iliminisbiog 

archc-a in the organ of Curti (ante, p. 80) of our own ears. 

I have already alluded to the BUpra-tynipanal 

ganglion; this jlsii tirminateB m a number of vesicles 




- - „ .- . , „ OTMBhoppW (Mcoo- 

mmitj. c, uutiuic; t>.r, kuditurf rodi a-c, iiultUJtf cfLI ^ Ir, trubini. 

containing anditnry rods, which are said to be Bomewhat 
more elongated than those in the organ of Sipbold. 

The arrangement of the organ is very cnrrous, and 
will best be understood by reference to Fig. (i8. 

The great auditory nerve, as already mentioned, 
bifurcates iilmoat immediately after enteriug the tibia, 
and one of the branches swell into a ganglion: from 
this ganglion proceed fibres which enlarge into 
vesicles ( Fig. 68), each containing an auditory rod ; find 
then again contract, approximate into a close bundle, 
and coalesce with ths hypoderm (inner skin) of the 
wall of the tihia. The supra-tynjpanal orj;an of the 
(.'rickets closc-ly resemblts that of the graashoppera, 
while, on the olher hand, they appear entirely to want 
the organ of Siebold (Fig, 65). This ia a very remark- 
able diffarence to exist in two organs otherwise so 
similar. 

There appear to btt two ways in which the atmospheric 



so ^m 
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vibralions may be coramunicated to the nerve: eitliL-r 
the vibrations of tlie tympanam may act upon the 
air in the traeliera, and so upon the auditory rods, or 
the air in the traehere may remain passive, and the 
vibrations may act upon the auditory rods through the 
fluid in the anterior chamber of the leg. The fact 
that the auditory rod is turned away from the Iracheie 
would seem to fiivotir this hypothesis 




Iter MTl of a wcUon ttiruugh Ihp tibli uf s OpwUm 'olriditnmvl ( 
. A.lllndtiirhH of IrEi P. nail oriradicni F, tn lwil[U! ^Buipi 
- -■---,! bH". tmcliBil wifU TJf. nfrve; ffi, gangllunli colli; rfl, I: 



In the true Locustidfc (Acridiodea; of Graler) the 
oi'gan of heariog is situated, not iu the anterior tibisB, 
but in the fir-st segment of the abdomen ; externally it ia 
marked by a glistening appearance, and it is oval, or in 
some eases nearly ear-shaped. It was iirst noticed by 
Degeer. Jiehind the tympanum is a large tracheal sac, 
aa io the families already described, and the tension of 
the tympanum is regulated by one, or iu some cases by 
two muscles. The tympanum also presents two cliitin- 
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ous or horny thickenings, a small triangular knob, and 
a larger, somewhat complicated piece, consisting of two 
processes — a shorter upper, and a longer lower one, 
making a broad angle with one another. 

As in the precerling families, so also in the 
Locustidse, the acoustic nerve is in close connection 
with the trachea) ; it swells into a ganglion, which con- 
tains in some species as many as 150 auditory rods, and 
then, as in the supra-tympanal organ (see p. 105), con- 
tracts into a tapering end, wliich is attached to the small 
chitinous knob. The auditory rods differ in no respect, 
as yet ascertained, from those already described. 

For many years no structure corresponding^ to the 
tibial auditory organ of the Orthoptera was known in 
any other insect. 

In 1877, however, I discovered * in ants a structure 
which in some remarkable points resembles that of the 
Orthoptera, and which I described as follows : — " The 
large trachea of the leg (Fig. 69) is considerably 




Fig. 69.— Tibia of yellow ant {Ixisius flamis\ x Y5. 5, F!, Swellings of large trachea; 
rtf small branch of trachea ; x, chordotonal organ. 

swollen in the tibia, and sends off, shortly after entering 
the tibia, a branch which, after running for some time 
parallel to the principal trunk, joins it again. 

"Now, I observed that in many other insects the 

* Lubbock, "On the Anatomy of Ants," Microscopical Journal^ 
1877. 
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trachera of the tibia are dilated, sometimfg with a 
recurrent branch. The same is the ease even in some 
mites, I will, however, reserve what I have to say on 
this subject, with relererce to other insects, for another 
occasion, and wiJl at present confine myself to the ants. 
If we examine the tibia, say of Lasiusfiavus, we shall 
see that the trachea presents a remsirljable arrange- 
ment (Fig. 69), which at once reminds us of that which 
occurs in Grylhis and other Orthoptera. In the femiit 
it haa a diameter of about tj-j/oo of an inch ; as soon, 
however, as it enters the tibia, it swells to a diameter 
of about 15^ of an inch, then contracts again to g^o, 
and then again, at the apical extremity of tlie tibia, 
once more expands to ^-J,,-. Moreover, as in Gryllns, 
so also in Formica, a small branch rises frono the upper 
SBC, runs almost straight down the tibia, and falls 
again into the main trachea just above the lower sac. 

"The remarkable sacs (Fig. 69, S, 8) at the two 
extremities of the trachea in the tibia may also be well 
seen in other transparent species, such, for instance, as 
Myrmica ruginodis and Pheidole megacephala. 

" At the place where the upper tracheal sac contracts 
(Fig. G9) there is, moreover, a conical striated organ (le), 
which is situated at the back of the leg, just at the 
apical end of the upper tracheal sac. The broad base 
lies against the est-ernal wall of the leg, and the 
fibres converge inwards. Indications of bright rods 
may also be perceived, but I was never able to make 
them out very clearly." 

This closely resembles both in stmctiire and position 
the supra-tympanal auditory organ of the Orthoptera. 

G-raber has entinly confirmed this account and dis- 
covered some insects in which the structure is more 
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clearly visible than in an\ wliicli I had esammed. 
Fig. 70 represents part of the tibia of Isopteryx aptcalia. 

These orgaDB do not however appear to bo iiuiver- 
sally present In some very tiausparent species no 
trace of them can be found 

But though so similar m structuie anl probably in 




Fig. ™."~Part 



function, it may be doubted whether this tibial organ 
in the anis can be traced to a common origin with that 
of the Orthoptera. According to Gruber, the direction 
of the rods is reversed in the two caaeH, which he regards 
as clear proofs that they have arisen independently. 
He is even of opinion that the tympana themselves 
have originated independently in the different groups 
of Orthoptera. Moreover, Graber has found this organ 
in certain insects not only in the anterior, but also in 
the two other pairs of legs. Indeed, rods of the same 
character have been found in other regions of the body. 
* In thie, aa in one or two of the other flgurea, tbe eiplamition of 
some of tbe letlpring nppcarB to be ooiittad in tlie original. At lenst, 
1 Lftto bfBti unable to find it. 
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Aa long ago as 1764- Keller' observed that tlie base 
of the curious club-like "halterea," or rudimentary 
hind-winga of flies, "est garnie de polls tres courts, 
oil la tige a le plus d'epaisseur pres du corps ; elle e^t 
, inflexible, et presque garrotte par en 

iiaut de plusieurs nerfs ; en un mot, elle 
est faite de maniere que Ton pent jnger 
par 8a force par li's dehors." Thia 
observatiuu remained unnoticed, and no 
further description appears to have been 
given of the organ until it was redis- 
covered by Hicks in 1856, and more 
fully described in 1857.t 

He fouud that though in the Diptera 
(flies and gnats) the hind wings are 
reduced to two minute, club-shaped 
organs, they still receive a nerve which 
is the largest in the insect, except that 
which goes tn the fyea, Tbis proves 
that they must serve some important 
function, and renders it almost certain 
that they are the seats of some sense. 
He also found at the base of the halteres 
a number of " vesiL-lea," arranged in i'our 
groups, and to eacli of which the nei've 
sends a branch, though the mode of pre- 
paration whicJi he adopted did not 
permit him to see the finer strncture of the nerves, 
which he figures as mere fine, hard lines. He describes 
the " vesicles " as " thin, transparent, hemispherical, or 




• " Geacliiolite der gamoinEn Btubeafliege," ! 
the origiiial, and quote from Hicka'a paper. 
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more nearly splierical projections from the euticular 
surface," and as placed in rows. Tlie number and 
arrangement differ in different species: the blowfly 
[Sarcojihaga camaria) has ten rows, Syrphus luniger as 
many as twenty. 

These organs have recently been again examined by 
Bolles Lee.* The vesicles are, according to him, un- 
doubtedly perforated, contain a minute hair, and those 
of the upper 'groups are protected by hoods of chitine, 
He inelinea to correlate them with the similar autennal 
organs, wbich he regards as olfactory. His view of the 
minute structure of these rods differs from that of 
previous authors, and the subject requires further 
study. 

He finds, moreover, that the sense-organ containing 
the rods has nothing to do with the vesicular plates, 
but that they are attached to the cuticle in a different 
place, and where it presents no special modification. 

The mmierous small membranes in tlie lialterea of 
insects seem to bear somewhat the same relation to 
the single tympanum of, say, the locnst, as the many- 
faceted eyes do to those with a single cornea. The 
head of the halteres is divided into two separate 
spaces by a membrane composed of elongated hypo- 
dermal cells. The upper part contains a number of 
large vesicular cells, like those which are in connection 
with the ends of the tiachpEB. It does not appear 
to contain any special sense-organ, and, in fact, tlte hirge 
nerve is almost entirely devoted to the sense-organs at 
the base. M. Bolles Lee susgests that it perhaps 
serves principally to regulate tiie pressure on there 
delicate structures. 

• " LcB Balaaciera doa Dipffirea," Jlecueff Zool. Suisse, 18S5. 
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Special sense-organs occur also on the wings of other 
inaecta. Hiuks fouud tliem " most perfect iu the Diptera, 
next 80 in the Coleoptera, rather less so in the Lepidop- 
tera,hiit slightly developed in the Neuroptera, scarcely 
at all in the Orthoptera (though this assertion may be 
hereafter modified), and that only a trace of them exista 
in theHemiptera." They are similarly constituted and 
equally developed in hdhseses. Hicks regarded them 
as organs of sniell. Leydig,' on the contrary, considered 
them as auditory organs. His mode of preparation dis- 
played better the strueture of the nerves, and he found 
that they end in peculiar, club-ghaped rods (Sidhdwn 
oder Siajte), closely resembling thi'se in the ears of 
Onhofitera. He observes that, as in the case of the 
tibial auditory rods of Orthoptera these rods are of 
two soiis, which are arranged separaleJy, those in one 
part of the organs being shorter and blunter, those iu 
another more pointed and elongated. Bolles Lee, on 
the contrary, considers that the supposed existence of 
two forms, pointed and rounded, ia merely due to an 
tiptical deception, and that in reality they are all 
similar. Leydig also observed in some eases that the 
rods were thrown into fine ridges. He found also 
somewhat similar papillte on the front wings of certain 
insects, but could not detect in them the character! at io 
nt-rve-ends. It must be confessed that the base of the 
wing would not seem a convenient place for an organ 
of hearing. The movements of the wing, it miglit 
well be supposed, would interfere with any delicate 
sensations. Still, this objection would apply to almost 
any sense being thus placed. 

"Auditory rods" are now, moreover, known to occur 
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in other piu-ts of the body ; for instance, tht>y have been 
discovered in the anteonie of a water-beetle (Dytiscus) 
and of T elephorna by Hicka, Loydig, and Graber, and in 
the body segments of several larvse by Leydig, Weiss- 
mann, Gfraber, Grobhen, and Bolles Lee. In the lurva 
of Dytiscus, indeed, they have beea observed in the 
body, antennee, palpi, under lip, and Ie;^3, Moreover, 
while, as we have seen, in the tihite of Orthoptera 
and the halteres of fiiea they are numerouB, in some of 
these cases they are few, sometimes, indeed, only a 
single rod being present, as discovered by Grobhen in 
Ptychoptera." Neveilhelesa tiie evidence that they 
are really acoustio organs is, in the case of the 
Orthoptera, eo strong, their structure is bo peculiar, 
and the gradation of these organs from the most com- 
plex to the most simple is bo complete, that it seems 
reasonable tu attribute to them tiie same fuuction. 

Moreover, as regards the very simplest forms there is 
another consideration pointing to this concluaion. We 
have seen that in the Orthoptera the terminal filaments 
close up, and are atlached to the skin. Now, it seems 
to be a very g>-neral rule, in reference to these organs, 
that they are attached to the skin at two points, 
between which is situated the attachment of the nerva 
Tliese points, moreover, are so selected as to h<: main- 
tained at the same distance from one another, thus pre- 
serving an equable tension in the connecting filament- 
Fig. 72, for instance, represents part of one segment 
of the body of the larva of a goat (Corethra). This larva 
is as transparent as glass, and very common in ponds, 
a miist beautil'iil and instinctive microscopic object. 
EO is the gauglion; a is the nerve in question, which 

• Sill, ifer K. Akad. del- Wia. TFien. 1876. 
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swells into a little triangular gaDglion at g; from g 
the auditory organ runa straight to tlie skin at c, 
and contains two or three auditory rods (not, how- 
ever, shown in the figure) at the point Chs; in the 
opposite direction, a fine ligament passes from g to the 




skin at h. Hence the organ ge is siiapended in a 
certain state of tension, and is fuTOumbly situated to 
receive even very fine vibrations.* 

There are, as we have seen, a large number of 
observations which point to the antennte as organs of 
hearing, and many more might have been given. 
"When we come to consider, however, the anatomical 
provision whicii renders the perception of sound 

■ Similar organa occurio other iD6e<jU,as, for inBtaiice.in Ptychopfera. 



AUDITORY HAIB8 ON ANTENNA OF GNAT. 115 

poBaible, we are met by great difficultiea. The evidence 
is, I think, conclusive that the anteinite are olfactory 
£3 well as tactile organs, and I believe that they serve 
also aa organs of hearing. There are, moreover, as 
shown in the last chapter, various remarkable stracturea 
in the autennse, and I have given reasons for thinking 
some of them to be the seat of the sense of smell. 
Which, if any, of the remainder convey the sense of 
sound, it is not easy to determine. I have suggested 
that Hieks's bottles (Fig. 43) njay act as microscopic 
stethoscopes ; ■ but they occur, so far as we at present 
know, ooly in ants and certain bees. 




¥ig T3— Bead of gnu. 

Tliat some of the antennal hairs are auditory can, 
I think, no longer be donbtel Johnson, whose figure 

i (Fig. 73), Buggestedt in lh35 that the bai 
the anteniite of g'nata serve for hearing. Mayor also,t 

n glHii to Bee tLat Leydig, wlio, lioi 
read either Hioha's paper or mine, also : 
orgMiB (Zool. An!., 18S6). 

t Quarterly Jaarnal of Microicnpical Sefenee. 1B55. 

} AateriBitn Journal ^ Science ani Arts, 1874. 
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led by the observalions of Hensen, has made similar 
experiments with the mosquito, the male of which has 
beautifully feathered antennte. He fastened one down 
on a glass slide, and then sounded a aeries of tuning- 
forks. With an Utj fork of 512 vibrations per second 
he found that some of the hairs were thrown into 
vigorous movement, while others remained nearly 
stationary. The lower (Ut-j) and higher (Utj) harmo- 
nics of Ut^ also caused more vibration than any 
intermediate notes. These hairs, then, are specially 
tuned so as to respond to vibrations numbering 512 
per second. Other hairs vibrated to other notes, 
extending through the middle and next higher octave 
of the piano. Mayer then made large wooden models 
of these hairs, and, on counting the number of vibra- 
tions they made when they were clamped at one end 
and then drawn on one aide, he found that it " coincided 
with the ratio existing between the numbers of vibrations 
of the forks to which co-vibrated the fibrils." It is 
interesting that the hum of the female gnat corresponds 
nearly to thia note, and would consequently set the 
hairs in vibration. 

Moreover, those auditory hairs are most affected 
which are at right angles to the direction from which 
the sound comes. Hence, from the position of the 
antennae and the hairs, a sonnd will act most intensely 
if it is directly in front of the bead. Suppose, then, 
a male gnat bears the hum of a female at some little 
distance. Perhaps the sound affects one antenna more 
than the other. He turns his head until tlie two 
antenuffi are equally affected, and ia thus able to 
direct his flight straight towards the female. 

The auditory organs of insects, then, are situated in 
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different insects in different parts of the body, and 
there is strong reason to believe that even in the same 
animal the sensitivE'n^ss to sounds is not necessarily 
confined to one part. In the cricket, for instance, the 
sense of hearing appears to be seated partly in the 
antennfe, and partly in the anterior li^gs. In other 
eases, as in Coretbra, the division appeai-a to be carried 
still further, and a " chordotonal " organ occurs in each 
of several segments. 

No doubt the multiplication of complex organs, like 
our ears, arranged as they ate to appreciate a great 
Tariety of sounds, would be so great a waste that any 
theory implying such a state of things would be quite 
untenable; but with simple organs, such, for instance, 
as that of Corcthra " (gnat ; Fig. 7'A), the case is 
different, and theiB would seem to be an obviona 
advantage in such organs occurring in different parts 
of the body, ready to receive sound-waves coming from 
different directions. Moreover, the different organs 
exist; they do not appear to be organs of touch, yet 
they are clearly organs of sense, and that sense, what- 
ever it be, whether hearing or any other, and though 
it may well be simple, and even perhaps confused, 
must be seated in various parts of the body. The fact 
of their being so distributed does not make it more 
improbable that they should be organs of bearing, than 
of any other sense. 

At the same time, it is an interesting result of recent 
investigations that the auditory organs of insects are 
not only situated in various parts of the body, but are 
constructed on such different principles. 

" where, however, the nuinbBc doea not approuch to that in ccrlain 
HbUdbb (uee ante, p. Bi). 
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THE SENSE OF BIGHT. 

It might at first sight seem easy enougli to answer the 
quGstioQ whether an animal can see or not. In reality, 
however, the problem is by no means bo simple. We 
find, in fact, every gradation from the mere power of 
distinguishing a difference between light and darkness 
up to the perception of form and colour which we 
ourselves enjoy. 

The nudifieren Mated tissues of the lower animals, 
and even of plants, are, as we all know, affected in a 
marked manner by the action of light. 

Eut to see, in tlie sense of perceiving the forms of 
objects, an animal muat possess some apparatus by 
means of which — firstly, the light coming from different 
points, a, b, c, d, e, etc., is caused to act on separate 
parts of the retina in the same relative positions; and 
secondly, by means of which these points of the retina 
can be protected from the light coming in other 
directions. 

There are three modes in which it is theoretically 
possible that this might be effected. 

Firstly, let S iS" be an opaque screen, with a small 
orifice at o. Let a h o d e be a, body in front of the 
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Bcrcen. In this case tlie rays from the point c c 
]iass stniiglit through the orifice o, and fall on the 
retina of an eye, or on a flat surface at o'. There is 
no other direction in which the rays from c could pass 
through 0. Ill the same way, ^ 

the light from a would fall on 
the point a', that from b on h', 
from d on d', and e on e*. 

The results which would be 
given in this way would be, 
however, very imperfect, and, 
as a matter of fact, no eye con- 
structed on this system is 
known to exist. j,, ,^ 

Secondly, let a number of 
transparent tubes or cones with opaque walls be ranged 
side by side in front of the retina, and separated from 
one another by black pigment. In this case the only 
light which can reach the optic nerve will be that wliich 
falls on any given tube in the direction of its axis. 





For instance, in Pig. 75 the light from a will pass to a', 
that from b to h', that from c to c', and so on. The 
light from a, which falls on the other tubes, will not 
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reach the nerve, but will impinge on the sirlea and be 
abaurbed by the pigment. Thus, though the light 
from e will illuminate the whole surface of the eye, it 
will only affect the nerve at c". 

In tliis mode of vision, which wns flrat elently 
expbiined by Johannes Miiller, the diatinctnesa of the 
image will be greater in proportion to the number of 
aeparate conr-a. "An image," he saya,* "formed by 
aeveral thouaand separate points, of which each cotre- 
sponda to a distinct field of viaion in the external 
world, will resemble a piece of mosaic work, and n 
better idea cannot be conceived of the image of 
external objects which will be depicted on the retina 
of beings endowed with such organs of vision, than by 
comparing it with perfect work of that kind." 

There U, it will presently be aeen, reason to snpfiose 
that the compoimil eyes of inserts, Crustacea, and 
some mollnscs, are constructed on this plan. 

Thirdly, let L (Fig. 76} be a lens of audi a form 




that all the light which falls upon its suifuce from the 
point a is re-collected at the point a', that from b at b', 
from fl at c', and so on. If now other light be excluded, 
' * " Phys. of the Scnaoa," by Johaoiies Miiller, irauslatcd by Dr. 
Baly. 
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an image of a i e will be tlirowo on a screen or on a 
retina at a' h' e' Thp image it will be observed is 
necessarily reversed Thia is the firm of eye which 
we possess oursplves it is in fart a camera obscnra 
It is that of all the higher animals, of most mollusci 
tlie ocelli of insects eti 

Pig. 77, talteu from Htlmholtz will give an idia of 
the manner in which we see 
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Fig. n.-0. Vltmoi 
mlc nnre : ee. 

"ibeTQilovt Bpul. 

The eyeball is surrounded by a dense fibrous mem- 
brane, <he Siderotic coat, or white of the eye, mf, nf, which 
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parses in front into the glassy, transpiirent cornea,//, 
A A ; the greater part of the centre of the eye is occupied 
by a clear gelatinous maas, the vitreous humor, G, in 
froat of which is the lens, L ; while between the lens and 
the cornea is the aqueous humor, W. The sclerotic 
coat is lined at the back of the eye by a delicate, 
vascular, and pigmented membrane — tliechoroid, (/j, so 
called from ihe great number of blood-vessels which it 
contains; in front this membrane joins the iris, p p. 
which leaves a central opening, the pupil, so called 
from the little image of ourselves, wiiich we see re- 
flected from an eye when we look into it. The iris gives 
its colour to the eye, its posterior membrane con- 
taining pigment-celis ; if these are few in number, it 
appears blue, from the layer behind shining through, 
and the greater the number of these cells the deeper 
the colour, e e, is a penuliar membrane, which serves to 
retain the lens in its pkfc. The optic nerve, d, enters, 
at the back of the eye, and, spreading out on all sides, 
forms the retina, t, of wliii*h one spot, s, the yellow spot, 
is pre-eminentiy sensitive. The action of the eye re- 
sembles that of a camera obscura, and, as shown in 
Fig, 76, the rays which fall upon it are refracted so 
as to form a reversed picture on the back of the eye. 

The retina {Fig. 78) is very complicated, and, 
though no thicker than a sheet of thin paper, consists 
of no less tlian uine separate layers, the innermost 
(Figs. 78, 79) being the rods and cones, which are the 
immediate recipients of the undulations of light. 
Fig. 79 represents the rods and cones isolated and 
somewhat more enlarged. 

The number of rods and cones in the human eye is 
enormous. At a modei'ate computation the cones may 
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be e-^timated at over 3,000,000; and tlio loda at 
30,000,001).' 




Fig. IB.— Spclion tnrwigL Ibe t.-tlrmdiriLT JIbs Sdiiiltol. BcelndiBg ftom Ihe ooUMe, 

* Bnlijer ostimatefl the conee at 8,360,000; KransB plncca the eones 
at 7.000,000, Iherodant 130,000,000; but Profeeaor M. Foster tellfl ma 
that he thinks the lutter figure is ton high. 
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THE RODS AND CONES. 

It will be observed that the nerve (Joe8 not, as one 
might naturally have expected, enter Ihe eye and then 
spredd itself out at the back of the retina ; but, on the 
contrary, pierces the retina 
and spreads itself out on the 
front, so that the cones and 
rods lijok innarls, and not 
ontwaids — towards the back 
ot the eye, ond not at the 
obje< t iteelf In fact, we do 
not hiok outwards at the 
actual objecl, but we see the 
(ibjfct Eis reflected fiom the 
base of our own eye. 

From tht) nrrangeraent of 
the rods in the eyes of verte- 
brafa, then, the light has 
necessarily to pass through 
the retina, and ie then re- 
flected biiclc on it. This 
involves some loss of light; 
on the other hand, it perhaps 
secures the advantage that 
the sensitive terminations of 
the rods and cones can he 
,„^ more readily supplied with 
blood. 

I do not propose (o enter 
t^i!"i^'^d«^°flbriLuT'Kl'Jci^' i"*^ *^^ reason fur this 
fs risible. X »"!). peculrat arrangement, which 

is connected with the development of the eye. Bat 
it is so different from what might have been expected, 
is in itself bo interesting, and makes bo important a 
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contrast with tlie fcirm wbicli is general, t'loiigli not 

universal among the lower aDimals, that I think it 

will not be out of plai.'e to 

mention a very simple and 

beautil'nl experiment by 

which every one can satialy 

himsell' that it ia so. 

One result is that we have 
in each eye a blind spot, tliat 
at rfhich the nerve enter,^, 
Turn the present page, so 
that the white circle ia in 
front of the left eye and the 
small cross in front of tlie 
right. Tlien close the right 
eye, look steadily across at 
the cross with the h-l't, 
and move the book ploi\iy 
backwards and fonviirds. 
At one particidar distunce, 
about ten inches, the while 
circle will cotue opposite 
the blind spot «nd vill 
instantaneously disappear. 
Across an ordinary room, if 
a man stands in front of a 
screen, hia head may in the 
same way be made entirely 
to vanish. 

The ordinary verlebrute 
eye conaista of two main 
divisions : the refractive 
part, which is a modified portion of the akin 
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receptive part, which arises from the central nervous 
system ; and the inverted arrangement of the rods is, 
we can hiirdly donbt, connected with the develop- 
ment of the eye, though it is not yet, I think, satis- 
factorily explained. 

There is, however, another eye in vertebrates, witli 
reference to which I must say something, and which, 
though now rudimentary, is most interesting. Our 
brain contains a small organ, about as large as a hazel- 
nut, known, from its being shaped somewhat like a cone 
of a pine, as the pineal gland. Its function has long 
been a puzzle to physiologists. Descartes suggested 
that it was perhaps the seat of the soul ; and though 
this idea, of course, could not be entertained, no 
suggestion even plausible had been made. 

So matters stood until quite recently, when a most 
unexpected light has been thrown upon the question. 
As long ago as 1829, Brandt, describing the skull of 
a lizard (Laeerta agilis), pointed out that in the 
centre of the top of the head was a pecnliar spot, one 
of the scaler being quite unlike the rest. Leydig" 
subsequently observed that on the head of the %\o\i- 
worm (Anguisfragilis) there is a dark spot surrounding 
a small unpigmented body immediately over the pineal 
gland. Kabl-Euckhard,t in 1884, again called atten- 
tion to this Btrueture, and suggested that it might 
serve for tlie perception of warmth. Ahlborn,! in the 
same year, was the first to sui;gest that it was a 
rudimentary eye. De Graaf§ lias the merit of dis- 

• " Die Aiten der Snurier." 

t "Eutw. <!ca KnocbDuEachgehirn," BericM der Siti. nalurf. Freutide. 
Berlin: 18S2. 

1 "Ueberd.BedeutungderZirboldrilse,"Zei(./flr Witf. ZooL, 1884. 

§ "Zur. Auat.und Eal. der Epi.li. Ampbi'iiou uiid Beptilieo," Zoal. 
Am., 18S& 
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covering that in the slow-worm tlio piueal glaud ia 
actually modified into a straoture resembling an inver- 
tebrate eye. This remarkable atmcture has since been 
examined in variona Eeptilia by Mr. Spencer.* It 
appears to bo more highly organized in Hatteria than 
in any other form yet aludied ; but the retrogression of 
the different structures has not proceeded ^ari passu, 
in some cases the lens, iu some the retina, in others 
the nerve, having been most modified, op having dis- 
appeared. In Hatteria and Varauus the eye is very 
distinct ; the interior parts being more perfect in the 
former ; while in the latter it ia externally most con- 
spieuoua, standing out prominently from its creamy 
whiteness. The lens is cellular in structure, and thius 
away rapidly at the aides. The "rods" are well 
developed, and embedded in pigment. 

Spencer describes the various modififationa of the 
organ in the iguanas, cliame- 
leonB, flying lizards, geckos, etc 

Fig. 81 represents the ex- 
ternal aspects of the eye-scale 
in a small lizard (Calotis), with 
the transparent cornea in the 
middle, through which the eye 
is seen ; and the diagram 
Fig. 82 a section through 
the eye-scale of a small lizard 
(Lacerta). 

A very interesting point in 

connetition with the pineal eye 

consists in the fact that the optic nerve does not 

penetrate the retina, and then spread out on its outer 

• QiHW-terij Jourml t'J Microsropical Soimee, October. 1886. 
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surface, aa iu the lateral eyes of all vertebrates, but, ou 
the contrary, is distributed over its exterior surface. It 
is, therefore, as De Graaf pointed out, formed in this 
respect on tlie type of the usual iuvertebrate eye ; so 
that we have the remarkable fact that in tho same 
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Tertebrate animal we find eyes formed on two different 
types. Not only so, but the development is dissimilar, 
the lens of the pineal eye being formed out of the 
walls of the npural canal. So that the lens of the 
pineal eye is a totally different structure from that o 
the lateral eyes. 

Spencer observed no effect whatever when he threw 
a strong light on the pineal eye. In fact, he does not 
believe that in any of the species examined by him 
the organ is at present in a functional condition. 
Indeed, in some cases the cornea is quite opaque, and 
in others the nerve to the brain is not continuous ; so 
that there can be no vision. At the same time, it 
seems to be established that this organ is the degraded 
relic of what was ones-a true eye. 

From the size of the pineal orlfire in the skull of 
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tTie huge extinct reptiles, Huch as IchtliyoBaiirus and 
Plesiosaurua, it has been, I think, fuidy inferred that 
the pineal eye was much more developed than in any 
known living form. 

In living fiah and Amphibia, so far as they bdve been 
yat examined, the organ is even more rudimentary 
than in reptiles. But in the fossil Labyi'inthodonts the 
skull possesses a large and well-marked orifice for the 
passage of the pineal nerve. This orifife is, in fact, 
80 large tlmt it can scarcely be doubted that the eye in 
these remarkable amphibia was also well developed, 
and served as a third organ of vision. 

In birds the organ ia present, but retains no re- 
semblance to an eye. It is solid and highly vascular. 
In mammals it is still more degenerate, though a trace 
is Btill present even in man himselt'. 

The larval Aacidiana, which present so many points 
of resemblance to the lowest vertebrates, and especially 
to tlie Lancelet (Amphioxus), have hitherto been re- 
garded as differing from them in the possession of a 
central eye. It now, however, appears that tlie verte- 
brate type did originally po:isess a central eye, of which 
the so-called pineal gland ia the last trace. 

It seems, then, very tempting to regard the pineal 
eye as representing the central eye of Amphioxus; 
but Spencer points out that the t«o organs diffei" 
greatly in structure, and he himself doubts whether 
the pineal eye is really the direct representative of the 
central eye in the Tunicata. 

Boraneck " also regards the pineal as entirely 
different from the central eye of the Tunicata, Indeed, 
he considers its differentiation as an eye to be a 

• " Deber d. Parittnl AugD dor Eoplilion," J»naifche Ztit., 1887. 
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eecondary modiGcatioD, and considers that it had 
previoDsly served some other function. 

However this may be, it cannot be doubted that the 
pineal gland in Mammalia is the representative of the 
cerebral lobe which snpplies the rudimentary pineal 
eye of Reptilia, and this itself is probably the degenerate 
descendant of an organ which in former ages performed 
the functions of a true organ of vision. 



Some microscopic ' 
stance, Buglena (Fig. I 



The Organs op Vision in the Lower Animals. 

Mere sensibility to light is possible without any 
optical apjiaratus. Even plants, as we know, can well 
distinguish between light and darkness; and though 
it seems that in our own case the general surface of 
the skin has lost ils sensitiveness to light, slil!, in many 
of the lower animals, light seems to act generally and 
directly on the tissues. 

regetable forms even, as, for in- 
sess a red spot," which 
appears to be spei'ially sensi- 
tive to light. 

Tlie lower animals are, in 
a great many cases, very 
trans[)arent. Light passes 
easily through them, and, 
cEje-apoi. except in ao far as it is ab- 

sorbed, can hardly be supposed to produce atiy effect. 
The most rudimentary form of a light-organ, then, may 
be considered to be a coloured spot. 

In the first chapter I have endeavoured to show how 

* The movlTig zooBpores of oertain algts also posices & red epnt, 
which may porbBpa liavs special leference to light. 
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it may be possible to truce an almost complete series 
from such a mere Bpot of colour in the slcin up to n 
complex orj^au of vision, such, for iuatance, aa that of 
a snail ; indeed, in tlie development of the eye in the 
individual animiil may be traced some of the sums stages 
as have prohably been passed through by the ancestral 
forms of the animal itself in long bygone agea. 

We must not, however, suppose that all eyes can be 
traced back to one and the same origin, or have been 
developed in the same manner. There are even cases 
in vrbich an orgnn fulfilling a different function appears 
to have been modified into an eye. 

Look, for instance, at the organ of touch of 
Onchidium* (Fig, 10). Tlie cutiele (see p; 14) ia 
thickened into a hiconvex, almost lens-like body; the 
epithelial ceils are elongated, and below ia a mass of 
cells, to which runs a nerve. A very little change 
would make this an organ capable of distinguishing 
light from darknean, and „ z „ 

some of the eyes of On- 
chidium appear, indeed, 
to have thus orifiinated. 

Compare with this, for 
instance, the ocellus of 
the young larva of a 
water-beetle (Fig, 84), 
13 figured byGrenachep. 

The eye-spots of Me- 
dusa were first noticed 
by Ehrenberg in 1836, ''™- 

and the lens was discovered many years afterwards by 
de Quatrefages. It is, in fact, by no means universally 
• A elug-liko genua of molluacB. 
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present; the eye, if so it can be called, in many species 
coDsisting merely of a coloured spot, while in others 
it is entirely absent." 





Fla. 86— Eye-^pot ot LtulK (tfter 
rfortwig). w.OoiiUui, i, IsiB. 

In the Echinoderras, the eyes, which were discovered 
bv Ehrenberg, have been described by Haeckel,t 
W^ilson,J Lange, and others.§ Tliey are in some cases 
situated, as in Astropeclen, on a pear-shaped bulb 
(Fig. 86). 

They consist of a lens (Fig. 87), supplied with a 
nprre, and lying in a mass of pigment. In Solaster or 

• AllniEin, "Mon. of the Hjdroids," Say Society, 1871. 
+ "Uobar die Augsn trod NervBti der8eesterDe,"2eii./u> H'tes,, rol. x. 
J Tranmelinni of thf Linnean Soc'Hg. 

§ Lange, "Beit. z. .\naL and Hiet. diT Asterien und Opfciuren," 
Morph. Jahrhueh, 1S76. 
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ABteracanthioQ the leoaes look like brilliant eggs, 
"each in its own scarlet nest." 

Ill some species there are as many oa two hundred 
eyes; but tliere appears to 
he no retina, so tbat tliey 
Clin do little more tbau dis- 
tinguish between light &ni 
darkness. 

It is quite possible that in 
some of the lower animals, 
where the eye-spot is sup- 
posed to consist merely of a 
layer of pigment at the end 
of a nerve, a lens may here- 
after be discovered. _ ^ 

In the Turbfliaria* th^; ■Ha^i,eiTrc:cmido'%.";f.'a;diqB"; 

. J i,lcn8ip, plgmcW. 

eyes, which were iirst noticed 

by de Quatrefages, are nutnerons, and lie immediately 
under the epithelium (skin). They consist of a certain 
number of crystalline rods and correspond it>g retinal 
cells, resting on a cup-shaped bed of pignjent, and con- 
nected with a nerve. There is often a group on each 
side of the head, immediately over the brain. In 
species which possess tentacles the eyes are generally 
combined with them ; in others they are scattered over 
the wliole periphery of the body, and look in all direc- 
tions. They differ greatly in dze, and in the number 
of rods and retinal ceils — the larger tentacular eyes 
having several; the small, scattered ones, which are 
genernlly more deeply situated, even as few as two or 
three. 

* " Die Polyolttden," Paana nnd Flora dea Golfea von Ncnpel, 1884. 
CBirftre, " Die Angen von Planaria," Arch, /flr Hie. Anat., 1882. 
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In most of the Anniilftta (worms), the eyes, so far a9 
they have yet been described, are very simple, and 
probably in most cases not capable of giving more than 
a mere impression of liyht In some species the eye- 
apot is merely a group of pigmented epithelial cells. 
lo many (Fig. 87) there is, besides the pigment, a 
well-marked leus. At the same time, it is probable 
that in some cases this supposed simplicity ia more 
apparent than real. The dioptric part ia often cellular, 
consisting sometimes of one cell, sometimes of several. 
They are generally, but not always, situated on the 
head. The Poly ophth aim ians (Fig. 90), as already ■ 
mentioned, have a series along the sides of the body, 
in pairs from the seventh to the eighteenth segments, 
I agree with Carriere that there is no saffioient reason 
for considering the supposed "eyes" of the leech na 
organs for the perception of light, but other species 
of the same group (Clepsiue) possess well-marked, 
though rudimentary eyes.* 

Certain leeches — for instance, Ptsdcola respirans — in 
addition to the pigmented spots on tlie head, have also 
some on the posterior sucking disc. These somewhat 
resemble the supposed organs of touch, but are larger, 
and surrounded by pigment. There is no lens, but the 
large cells are very transparent. It is not supposed 
that they give any distinct image, or can do more than 
distinguish light from darkuess — as Leydig pays, 
" feel " the light. Still, I must confess that the deter- 
mination of thi-se curious organs as eyes seems to me 
very doubtful. 

Fig. 88 represents the anterior extremity of a small 
freshwater worm (Boherailla). 

" Giaber, " Morph. Unt. iibet dio Augon dcr frei-lebenden Boraten- 
warmer," Arth./Sr Mic. Anal^ 1B80. 



Fi^. 89 represents an eye-dot of Nereis. In tljia 
;eEns there are two pairs uf eyt'H, whicli iJifEer some- 
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what in structure, the lens in the anterior pair being 

flatter, that in the posterior more conical. In Hesione 

the diiference is even more 

maiked.t In Polyophtbolmus, 

besides the eyes in the head, 

there is, as already mentioned, 

a series along the sides of 

the body, whic^h differ Bome- 

wliat in structure from those 

in the head. 

As a general rule, in the Annelids each eye contains 
a single lens, but the cephalic eyes of Polyophthalmus, 
ai-cording to Mayer, contaiu three. 

• " 8ya. und Morph. det OligociiiEten." 

t Rulier, "Mirph. Unt. uber die Augeu dec frei-lebendea Boreten- 
wHrniar," AtoIi fir JMic. Anal., 1880, 



iB. 89.— Ej&dol or Nereis (afrer 
MrtW temovBd » » » s&mw 
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lai ^H 


^H The most higlily orf^anized eyes In Annelida appear to ^| 


^H be those of the AlciopidiE, which have been ^^ 


1 described ^^M 


^H by Kvolm,* do Qua t refuges,! B.ad especially by Greef f ^^ 


^H and Graber.§ The Alciopidffi are small 




M 


^H sea-worms; tbey live principally in 


i 




^H the open sea, and, like many other 


f 


^^1 


^H pelagic animals, are extremely trans- 


^ 


■ 


^1 parent. It is, indeed, often difficult 




^H to see more of them than ihe two 


H 


^^H very large eyes, red or onm^e, and a 


S 


■ 


^H - pair of dark violet dots (the seg- 


$ 




^H mental organs) on eaeb ring. 

^H The principal parts of tlieir eye^i arf 


$ 


i'% 1 


^^1 ■— (1) the outer iategument, the whole 




% ^ H 


^H of which is so transparent tliat it needs 




f# ■ 


^H scarcely any modificntion ; (i) the so- 


'*-'*fn'i^ ^ ^B 


^^M called "eye-skin," as to the true 




^1 


^H nature of which there is still mufii 




^H difPerenceofopinion; (3)thelens; (4) 




^^M tbe "corpus ciliare ; " (5) the vitreons 




^H humor; and (6) tlie retina, wbieb 




^H again is composed of four layei-s — («) 




m 


^H the rods; (h) pigment layer; (c) 




■ 


^H granular layer ; (d) fibrous layer. 


Fie. «i 


—AldopE- {Biter ^1 


^^M In Mollusca the eyes are variously 


ic quur,il>iE..J. ^H 


^H sitnatel ; being, for instance, either placed • 


□n tbe DOS- ^H 


^H terior tentacles; or between the feelers, as in tlie fresh' ^| 


^H woter species ; or on a short stalk at tbe : 


side fi the ^M 


^H • " Zool. und Allot. Bemerk. fiber die Alcioperlpu, 


" Wiegmann'i ^^| 


^M Ari'KtSiS. 




H 


^H t " Etuiiea B. 1. typ. InF. de IVmb. des Aonnlea, 


■'Ann.i 


sci. iraL.issa. ^H 


^H t "Uiit. aher die Alciopiilen," No„a Ada 


Amd. 


Leap. Carol, ^H 


^H vol. xxxis. 11, IBTS. 




■ 


^H § Anh.fUr MIn. Anat, 18S0. 
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feelers, as in the ProsobraiicLiata ; or on the Lack, Id 
some casus tiiey are deeply sunk, even into the brain. 




The mussels are generally deficient in eyes ; and 
some which are, as lame, provided with an eye, lose 
their eyea when malure. 




In the limpet (Patella),* on the onter side of the 
tentacles, where the eyes are situated in more highly 
organized species, are certain spots, which may be 

• "FraiBne. Veher MolluBtenangen," Zeit./Sr Will. Zaol, 1881. 
f " Beit, zur Kennt. der GaBtropodeaaageD," GegeiibHur'a Mnrph, 
Jahrbuoli, 1885. 
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regarded as a very rudimentary organ for tlie per- 
ception of light, Tbe skin is thrown into a pit, witLia 
which the epithelial cells are elongated and pigmented. 

In the sea-ear (Haliotis), and in Trocliua (Fig. 93), 
the arrangement is Biinilar, but the depression is 
deeper, tbe mouth is very much restricted, and the 
interioi' is filled by a vitreous body. 

In Murex (Fig. 94) the eye is still further developed, 
and is entirely closed in, a lens bning present. 




FJk, a 



raniirvj [af'.er Hllgcr). L, Lens; Gl. i 



In the snail (Helix) the eye is still more highly 
organized. It consists of a cornea, which lies imme- 
diately below the akin; a lens, behind whioh is the 
retina, consisting of three layers, (I) the rods, (2) a 
cellular layer, (3) a fibmua layer. Thi^, indeed, appears 



CUTTLE-FISH, 

I to be a very general arrangement in the Mollusca. 
I The power of sight given by such an eye can be but 
II. Indeed, it is probable that it doea little more 



nsrre of the l«DLacle ; 



than distinguish degrees of light. According to Lespea, 
a Cyclostoma only perceives the shadow of a hand at a 
distance of five inches, and a Palndiua of eight. 

It is interesting that, as Lankester first showed,t the 
eye of Mollusca, in ils gradual development, passes 
through the stages which we find are the permanent 
conditions in Patella and Haliotis, commencing as a 
depression, which grows deeper and deeper, and 
gradually closes over. 

Even in the Nautilus the cornea leaves an opening, 

•-Simroth, "Ueber die Sinnesworkzeuge uni. einli. Weichthiere," 
Zeit/Or Wise. Zool. 187G. 

t " Oba. on tlio Dev. of Ceplialopoja," Q'litrltily Jouinol 0/ Micro- 
Mopical Science, 13T5. 
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through which the water has free access to the iotprior 
of the eye. 

In the higher cuttie-fishea (Cephalopoda) the eye is 
very compk-'x, and the optic gaoglion is iu some cases 
the largest part of the brain; but, while we find the 
same parts, as, for instance, in Helis, though in a higher 
state of development, there does not seem anfHcient 
reason to regard the two organs as homologous, but 
it appears possible that the eye of the cuttle-fish had 
an independent ongiti. 

Certain bivalves (Lamellibrant-hiata) possess bright 
spots round the edge of the mantle, or on the eiphon, 
which some naturalists maintain to be eyes, while 
others deny them this character, leaving their true 
function, however, undecided. 

But though there is much doubt in some cases, there 
are other eye-spots which are certainly true eyes. Of 
these there are two distinct types — those of Spomlylua, 
Pecten, etc., on the one hanil ; of Area, Pectunculus, etc,, 
on the other. The latter present several features of the 
compound insect's eye. This waa first noticed by Will,* 
and they have since been more fully described by 
Currieref and Fatten. J They are composed (Fig. 96) 
of large conical cells with the points turned inwards. 
Pigment is dejiosited in the periphery of the cells. 
The outer surface is arched, and forma a biconvex lens. 
These cells pass gradually into those of the ordinary 
epithelinm. 

It will -be most convenient to consider the mode in 
which these compound eyes a':t when we come to 

' " Uebor dia Augen der Bivalveo." Fiorkjit Noiiien, 1844. 

t " Die Spliorgatm dec Thiere," 1885. 

t "EjBBOf Mollusoaand Xtlhiopoda," XJlt.Zool St^U. Neapsl,JSS«. 
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consider those of insects, where they are more biglily 
developed. 

The eyes of Pecten and Spondylua are, again, formed 
on a totally different plan. 

It lias been already observed that there is an 




iV™ (aftw Cwrlire). I, 



essential difference between the typical vertebrate and 
the typinal invertebrate eye; in that while in the 
farmer, the optic nerve (Fig. 77) penetrates the retina 
and then spreads out on the anierior surface, eo that 
tlie "rods " point away from the light; in the normal 
invertebrate eye, on the contrary, the nerve spreads 
out on the hack of the retina, so that the rods point 
towards the light. Krohn,* however, made the remark- 
able discovery that in the genus Pecten the rods, like 
those of the vertebrates, are turned away from the light. 
In this case, however, the optic nerve does not enter 
the retina directly from behind, but runs round it and 
pasaea, so to say, over the lip of the cup. 

Here, then, we get a remarkable approach to the 
vertebrate eye ; but the similarity is still greater in 



OncIiiJiiim (a geims of slugs, widely spread over the 
Southern Hemisphere), in which Semper has shown* 
that the uerve actually pierces the retina as in verte- 



i'r "• — ^1 




brates. That this distinctive character should thus 
reappear in so distant a group is very interesting, and it 
is also remarkable that Onchidiuni possesses two kinds of 
eyes : some on the head, which are constructed on the 
same type as those of other molluscs ; while the peculiar 
eyes jnst mentioned are scattered over the Irack, and 
their nerves arise, not from the cephiilic, but from the 
YiscerHl ganglion. Moreover, they difTer in number, 
not only in the different species, some having one hun- 
dred, some as few as twelve, and others none at all, 
but even in different individuals of the same species. 
Indeed, they are continually growing and being re- 
absorbed. But while thus resembling a simple verte- 
brate eye, the dorsal eyes of Onehidinm have a totally 
• "Debef Echnecken Augen ani WirbiOlhior typae," Arch./iir Hie. 
A,iat.. 1877. 
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different deTelipment, arising, except the nerve, entirely 
from tlie integument ; on the contrary, in the vertebrate 
eye, while the cornea and lena are formed from the 
skin, the retina is an outgrowth from the brain. 

Semper doea not supjiose that the Onobidia perceive 
any actual image with their dorsal eyes, and thinks that 
they are merely able to distinguish differences in tlie 
amount of light. 

They are shore-living molluscs nnd are preyed on 
by small fishes belonging to the genus Perophthalmu", 
which has the curious habit of leaving the water and 
walking about on the sand in search of food. The 
back of the Onchidium contains a number of glands, 
each opening hy a minute pore; and Semper suggests 
that, when warned by the shadow of the fisli, the little 
slugs eject a shower of'spray, drive off their euemy, 
and save themselves. This is not quite so fur-fftched 
as might at first sight appear, for we know that there 
are many other animals, the sepia, many ants, the 
bombardier and other beetles, etc., which defend them- 
selves in a similar manner. 

It seems difficult to understand why the Onchidia 
should be endowed with so many eyes. The irrelative 
repetition of organs meels ns, however, eontinnally in 
the lower animals. Moreover, in the present case 
Semper has thrown out a plausible suggestion. The 
organs of touch (sue anfe, p. 14) curiously resemble 
eyes in structure, and a very slight change might 
make them capable of perceiving light. It is pDssible, 
then, (hat some of them may undergo a change of 
function, and that this may throw some light on the 
variability in number. 

In the ChitouiiliB, where dorsal eyes have retently 



SENSE-ORGANS OF CHITON. 1 

been discovered by Moseley,* they are even more 
numerous. Chiton itself, indeed, has none ; bat in 
Scliizochiton there are 300, and in Corephiuni more 




than ten tLonsnnd. Ab in Onchidiura, they probably 
aro^e as modiflcations of the organs of tonch, and are 
Bupplied by the same nerves. They poaaesn (1) a 
c-omea, (2) a perfectly transparent and strongly biconvex 
lens, pjid (3) the retina, which presents a layer of aliort 
but well-defined rods. It is interesting that tbey point 
towards the light, and not, as in ODchidium, away 
from it. 

* " On the Presence of Eyts in Shtlla of oertuin CiiitonifJie," 
Quarterly Journal of Microsa>pal Science, 1885. 
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THE ORGANS OF VISION IN INSECTS AND CHDSTAOEA. 

I NOW pasji on to the eyes of insects. In moat species 
of tliis group theru are two distinct binds: the large 
compouud eyes, which are situated one on each side 
of the head; and the oceUi, or small eyes, of which 
there are generally three, arranged in a triangle, 
between the other two. 

Speaking roughly, the ocelli of insects may be said 
to see as our eyes do; that is to say, the lens throws 
on the retina an image, which is perceived by the fine 
terminations of the optic nerve. One type of such an 
eye in a young water-beetle (Dytiscus) is shown in 
Fig. 84, p. 131. This illustrates the mode of develop- 
ment of an ocellus, which has been already referred to 
(anie, p. 131). 

The structure of fully formed ocelli is shown by 
Pig. 99, In details, indeed, they present many dif- 
ferences, and it is remarkable that in some species tliis 
is the case even with those of the same individoal ; for 
instance, in those of one of our large spiders, Epeira 
diadema (Fig. 99). 

In this case the eye B would receive more light, 
and the image, therefore, would be brighter ; but, on 



the other hand, the image would be pictured in greater 
detail by the eye A. 




Speaking generally, an ocellus may be regarded aa 
cnnsisting of — 

1. A lens, forming part of the general body cover! 

2. A layer of transparent cells. 

3. A retina, or second layer of deeper lying C( 
each of which bears a rod in front, while their inner 
ends pass into the filaments of the optic nerve. 

4. The pigment. 
From the convexity of the lens it wonld hav 

short focns, and the comparatively small number of 
rods would give but a very imperfect image, except 
of very near objects. 

But though these eyes agree so far with ours, there 
is an essetititil difference between tliem. It will be at 
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once seen that the pigment ia differently placeclj being 
ill front of the roils, while in the vertebrate eye it is 
behind them. Again, the position of the rods ihem- 
Belvea is reversed in the two cases. 

Piissing on to the compound eye, Fig. lOO gives a 
section of the eye of a c-ockchafer {Melolontha}, after 
titrauBB-Diiickheim. The separa'e facets of siR-h an 




eye act themselves as lenses, and give a very perfect 
image. 

As regards the number of facets, Leeuwcuhoek calcu- 
lated that there were 3180 facets iu the compound eye 
of a beetle which, however, he does not name. In the 
house-fly (Musca) there are about 4,000 ; in the gadfly 
(CEstrus), 7,000; in the goat moth (Cossus), 11,000; 
in the death's-head moth {Sphinx airopos), 12,000; 
in a butterfly (Papilio), 17,000; in a dragon-fly 
(^chna), 20,000; in a small beetle (Mordella), as 
many as 25,000. 
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TliL' size of the facets seems to bear some rehtlioa to 
the size of tiie insect, but even in the smallest species 
none have been observeiJ less than jt/qd ^^ ^^ ^^^^ '^ 
diameter. Butterdiea, which fly in tho day, have the 
facets smaller than those of mothe, wliich are generally- 
evening insects. 

The facets are io mtist cases similar, six-siJed, and 




very regular. In loousts, however, they vary a gocd 
deal both in form and size. In some flies (Diptera) 
and dragoQ-flies (Libellulidat) those in the upper part 
of the eye are larger than the lower ones, and the 
junction of the two oftfn forms a well-marked, curved 
line. 
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Tlie wonderful complexity is well shown in the pre- 
ceding figure, wliicli represents a a>-ction tlirough the 
eye of a fly, after Hiclison." 

In illuatration of the fiuer stnieture, 1 may take the 
eye of the bee (Apia) (Fig. Hl2), as described and 
figured by GrenuL'her in his beautiful 
work.f Fig. 102. the general accuracy 
of which has been contirmi-d receotly 
by Dr, Hickson, represents two uf the 
elements of tlie faceted eye. 

The stinctnre of the eyes varies 
considerably indifferent groups. They 
may be said to consist of the following 
principal parts ;— 

1. The cornea {Lf, Fig. 102). 

2. The crystalline cones {Kk), of 
which there is one immediately behind 
each facet. The development of the 
crystalline cone has been carefully 
studied by Claparede. It consists of 
from four to sixteen original, but com- 
pletely combined segments, secreted 
by cells which lie immediately behind 
each facet, but of which, when the eye 

""" ~""" is completely developed, only the 

nuclei, known as Semper's nuclei {n\ finally remain. 

3. Next comes the retinula (W), which stands in 
more or less intimate connection with the pointed inner 
end of the crysfaliine cone. It is generally composed 
of seven, but sometimes of as few as four, or as many 

• " Tlie Eye and OpHo Tmot of Inaects," Qiiarlerhj Journal of 
Mlfroifopical Scfeiue, 1885. 
t " UnterBtioUmieeD iiber das Sthorgiiii ikT Artliropud-'n." 1S79. 
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as eight, originally separate, but closely combined cells. 
They coiiverge on the optic lobe, and form an outer 
nucleated sheath, enclosing a strongly refractive, 
generally quadrangular, rod (the rhubdom, Em), the 
relation of which to the filaments of the optic nerve 
is not yet well understood. 

4. The pigment (Pg). 

Between each separate eyelet (ommateum, or omma- 
tidium, as it is .termed by Hickaon), is— at least, in 
some insects — a long, tubular, thin -walled trachea. 
These are difficult to see in pi-epared specimens, but 
have been mentioned by several observers. They wore 
first, I think, figured by Loyclig," and more recently 
by Hickson, 

Finally, the eye is bounded by a basilar membrane, 
which is perforated by two seta of apertures, a aeries of 
larger ones for the passage of the tracheal vessels, and 
of smaller ones for the nerve-fibrils. 

The crystalline cone is not, however, always present, 
and Grenacher divides the compound eyes of insei-ta 
into three types: acone eyes, in whirh the crystalline 
cone is not present, but ia represented throughout life 
by distinct cells ; pseudocone eyes, in which there is a 
spet-iiil conital and transparent medium ; and, lastly, 
eucone eyes, with true crystalline cones." f 
• "Znra feiiieren Bau der Insekten," JfiiHer's Ardi, /lir Jaat. u. 

+ Acoae ayoB occnr in NemntncerB fgnals), Uemiptera (bngs), For- 
ficnla (uBFvfigg), and those Coleapters (beetleej, nLich liava leea than 
flre tarsal joints. Paendoeone ejea oooar in the trne Qiea (iluaeidw). 
EiKone ojes prBvail among other iuBPota : Lepidoptum, Hymeuoptara, 
Nearoptcru, Oithoptcra, Cicadidsa, ths Culeoptera with five tarsal 
BogmeatB, and among Diptom the Bingle genne GorethiB, which, mnie- 
oiet, is remarkabte as po^eBBiiig oum])oiiud cj'ca, erou in the lurva 
aod pupa. 
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The last form differs principally from the two first 
in that the elements which constitiile the crvBtalline 
cone and the retiniila have become completely coalesced 
and solidified. The diflerenccB are, no doubt, im- 
portant, bvit 1 need nut enler into them at length here. 

Even the eticone eyes differ considerably, as may bo 
Been from the following figures, representing (Fig. 103) 
an eyelet from the eye of a cockroach (Periplaneta), and 
(Fig. 104) one from that of a cockchafer (Melolontha), 
both taken from Grenacher. 




pg. pa". plKfflenl fislls; cJ, 

With some few exceptions (Corethra, Libellula, etc.), 
the larvee of insects do not possess faceted eyes; indeed, 
as a general rule their powers of vision are very limited, 
or they are altogether blind. Most caterpillars have 
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on each side of the head five or six eye-spota, contain- 
ing each a crystalline body, but, ae we aball presently 
see, they can probably do little more than diatiuguish 
between light and darkness. 

I do not propose to attempt to give here any detailed 
account of the structure of the insect brain, but I must 
say a few woi-da on the subject. Between the brain 
proper and the eye itself there are, in, for instance, the 
blow-fly {Musea vomitoria), three distinct ganglionic 
awellinga, which Hickson, a copy of whose beautiful 
figure I have given (Fig, 101), terms th6"opticon" 
{op), epiopticoo (e.op), and perioptieon (p.op). It will 
be seen that the nerve-fibrils do not pass in a direct 
course, but actually decussate, or cross from one side to 
the other, three times, once between each two ganglionic 
Bwellings, The optic lobes of the two sides are also con- 
nected by a fibrous bundle. 'I'he structure of the three 
nervous swellings is also very complex. It consists of a 
fine granular matrix, traversed by a meshwork of very 
minute fibrillffi, and, at least in the perioptieon, is col- 
lected into a series of cylindrical masses. It is entirely 
beyond our present range of knowledge to explain the 
origin or purpose of those complex arrangement'*, 
though we cannot doubt that they do serve important 
functions. Jt is remarkable that these arrangements, 
though apparently yery constant in individual species 
and genera, differ greatly in different groups of insects ; 
for instance, Hickaon asserts that in the water-scorpion 
(Nepa), there is no decussation, and Carriere makes the 
mme statement as regards Libellula; but it seems 
very extraoi-dinary that thia arrangement should be 
present in some insect eyes, and absent in others 
formed apparently on so nearly the same plan. 
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On the Kblation op the Ete to the Ocellus. 

In considering the relation of the eye to the ocellus, 
it is ohvious that we cannot regard either as derived 
from the other. They are, as Grenacher says, " siatera," 
and derived from a common origin. 

The ocellus consists of a single lens in front of a 
larger or smaller number of visual rods. The com- 
pound eye consists of a number of facets, each in front 
of a single rod ; which is produced by from four to 
sixteen cells : in some ea.?es each cell at first produces 
a separate rod, and these then subsequently coalesce 
more or less completely. Starting, then, from a simple 
form of eye consisting of a lens and a nerve-fibre, 
which would be capable of perceiving light, but would 
give no picture of the external world, wo should 
arrive at the compound eye by bringing together a 
number of such eye-spots, and increasing the number 
of lenses, while the separate celts beneath each com- 
bined to form a single cone and rod ; wbile, on the 
other hand, by increasing the size of the lens, and 
multiplying the nervous elements behind it, we should 
obtain the ocellus of an insect, or tlie typical eyes of 
a vertebrate animal. 

There is, indeed, no need to suppose that these two 
eyes are derived from a common origin. We know 
that, while very similar eyes occur in distant groups of 
animals, on the other hnnd nearly allied species often 
differ greatly in the structure of their eyes; ihat, 
indeed, eyes of very different ty\ycB often occur even in 
the same animal, so that we have strong reasons for 
assuming that they had an independent and separate 
origin. 
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The Bpiders have sim[i]e ocelli only, the higher 
Cmsta'-ea compound eyes only, while many of the 
lower Cnistacea aiid of the gient class of the insects 
possess both eyea and ocelli. It would seem probable, 
therefore, that the ancestral stock ranst have possessed 
' both, though not perhaps in so perfect a form as that 
which has now been attaiued, and that the spiders have 
lost the compound eyes, while, on the contrary, in the 
highet Crustacea the ocelli have disappeared. 

Moreover, though the ocellus of a spider at first 
sight closely resembles the eye of a Scolopeudi-a, the 
internal sirueture is, according to Urenacher, altogether 
different. In the otellus of a spider or an insect we 
find, at a greater or loss distance behind the lena, a 
retina consisliiig of a receptive surface, extended con- 
centrically with that of the lens, and consisting of a 
number of more or less rod-like perceptive elements so 
arranged that the light falls on their ends. 

On the contrary, iu the eyes of Myriapods there is, 
he says, either a single element behind the cornea, or 
whure there aremanysuch elements, they are arranged 
with their longer axes perpendicular to the direction 
of light ; 80 that any separate perception of the rays 
of light coming from difl'erent points seems to he an 
impossibility. In the eye of Lithobius, behind the 
biconvex lens, he states that the cells lining what I 
may call the tube of each separate eye, terminate in 
filaments, between the free ends of which is left a narrow 
passtige, down which tlie light must pass to reach the - 
end of the optic nerve. Such a strm-ture is certainly 
very remarkable, and seems entirely to preclude the 
possibility of the formation of a true image. Altogether 
the aceoimt given by Grenaiiher, both as to the mode 



■Jb EYES OF CRUSTACEA. 

F actiou of the eyea of the Myriapods ami as to their 
iternal structure, differs entirely from that of Graber. 




The eyes of many Crusta^'ea are highly d 
In the higher families (thence named Podophtiialmata, 



STKL'CTURE OF EYE 



or stalk-eyed) they are situated on more or 
elongated pedestals. In some of the lower forms, 
tbongh less comjilox, tbt-y are very large, ocmpyinjr, 
as in the ouriouB Leptodora (Fig. 105) of our deep 
lakes, the whole ftout of tlie head ; while in CorycsDua 




fig. IM.— Eye of Mrsl> (»ftcr Granicli. 
Jf. fibres of tbe ojttlc n"VO : 



(Fig. 107) they extend to more than one-half of the 
whole length or the body. 

Tlie higher Crustacea possess no ocelli. In the 
lower species, on the contrary, a central ocellus is often 
present, e8[>eciany in the young state. 
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In illu-trati(ra of tbe compound eyes of Crustacea, I ] 
give a figure of an eye of Mysis (Fig. 106). 

In the higher Cnistafea the nervous elements of 
the eye are, moreover, very complex. There are no 
less than four optic gauglia (Fig. 1U6), and there is 
a chiasma, or decussalion of fibres {N\ JV", Jf'", A'""), 
between each. 

The eyes of lobsters and of crabs offer a curious 
difference. In the former, the crystaUine cones are 
very long, and the retinulce comparatively short ; while 
in the crabs, on the contrary, the crystalline cone is 
short, and the retinulaj long. 

The eye of Corycseus (Fig. 107) is very interesting. 
It is extremely large in proportion to the size of tlie 




aninial, extenibng from the front of the head to the 
bpginning of tlie abdomen. The perceptive part of 
the eye {b) is, therefore, far removed from the lens (a). 
The eye of Corycteus appears to represent, in fact, a 
.single element of a compound eye. 

'J'he eye of Copilia is also very remarkable, the 
retinula being, at about the end of the first third of its 
length, bent at a right angle. Here also the eye is 
about one-third as long as the body. 

The ocelli of Crustacea have not been much studied 
with reference to their microscopic structure. Those 
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of Calanelia are very remarkable, and, indeed, but for 
timir position and thfl presence of pigment, would 
liardly be recognized as eyes. They are three in 
number,and together form an X-shaped body (Fig. 108), 
supplied by a large nerve {N.op.), and consisting of 
three groups of large nerve-cells, embedded in pig- 
ment. There are eight in each of the two aide groups, 
and ten in the central. In form they are pear-sba|ied, 
with the narrow end turned towards the nerve. The 
organ contains no lens nor rods. 




The eyes of the king crab (Limning) have been 
described by G-renacber and by Laiikester and Bourne.* 
The two. lateral eyes foTtn a polished, kidney-sbaped 
protuberance on each side of the great shield. The 
outer side ia emoolh, hut on the inner surface it la 
produced into a number of conif-al processes (Fig. 1U9), 



IfiO UMULUS, 

pacii of which forms a apeciiil leng. Uudtrneath each 
of these seooEdnry lenses is a group of large, elungated 
pigmeuted cellrs, arranged round a central space, and 
touehinsr the lens with their oiifOT ends, while the • 




inner ones are continued into the optic nerve. TheaeJ 
nerve-end cells form the "retinula," while iheir eidesj.-j 
which face one another, are thickened, and ooalesco-J 
into a rod, the rhabdom, which is hollow at the end \ 
nearest the lens, but solid towards the nerve. The 1 
central eye is very different. It possi^sses a Ringle 1 
lena, like that of an ordinary ocellus, underneath l 
which ia a layer of cella not diftering much in appear- i 
anee from those of the hypoderm, and below which] 
again is another layer of large nerve-cells, which, how- J 
ever, are ao irregular as to suggest the idea that the | 
central eye of the king crab may have partially lost i^ I 
function. The king crab, then, sn remarkable in othca 
ways, is also very interesting in reference to the pecnlia 
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structure of ite eyes. Theiie can hardlj- be regarded 
as homologous with the compound eyes of insects and 
Crustacea, but appear to have originated independently. 
They have, indi-ed, hardly anything in common, except 
that of being coraponad eyes. 

Lastly, I may allude to the eyes of Bcorpions, 
which, though very different from those of Linmlus 
in appearance, in Lank^ster's opinion approach them 
more nearly in essential eonstituliou than any other 
knowD eyes. 

Before quitting this part of my subject, I mii-t 
mention the curious eye-like organs uf Euphaueia, 

Eupbausia (Fig. 110) — a shritnp-like crustacean, be- 




longing to the same group aa Mysis — and some of its 
alliea, are remai-kable for possessing at tlie base of 
some of the thoracic legs, and on the four anterior 
abdominal segments, luminous eye-like organs. They 
form small buibs, each containing a vitreous body, some 
pigment, a lens, and a ftin-shaped bundle of delicate 
fibres, and are very conspicuous from their beautiful 
red color and glistening lustre. 
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LIGHT-ORGANS OF EUPHAUSIA. 



Claiia • regards them as true accessory eyoa. Sai's,t 
(IB the contrary, considers that they have no power of 
sight, but are highly differentiated luminous organs. 
He admits that they present a deceptive resemblance 
to true eyes, but has convinced himself hy obuervations 
of the living animal that they hare no power of 
vision. 

The fibrous fascicle (Fiff. Ill,/) he finds to be tlie 
chief light-prodncing part,t and the lens-iike body in 
front serves, as he snpposL^s, for a condenser, protlucing 
a bright flash of light, the direction of which the 
animal, by means of its muscles, is able to control. 
The anterior pair (Fig. 112, h), which differ some- 
what in structure from the rest, aie situated on the 




eye-atalks, and appear to serve as "bull's-eyes" to 
the true organs of vision. Sars considers that the 
luminous organs do not serve as eyes, on the grounds 



• "Ueber eloigie Bcliizopodt 

far Wisi. Zod., 1S63, 

+ "On the Seliizopodn," "ChBHengerEeportE 
t ValentitiB and CimningUam, in a, me 

(Qtmrterly .fnarnal of Mirroecopie'il Science, vol. 

attribute it to the inner aarface of tbe reflector. 



niedere MalacoHtrareen," Zcit. 
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I that tlie nerve wbicb supplies them is but fimall ; ibat 
I the structure ia not really aniilogoua to that of a true 
J ej*e, and that the position would be very unsuitable, 
V one of them being actually situated on the ataik of 
1 the compound eye. 

The question does not, however, seem to be by any 
I means t-learly solved, and it must, I think, be admitted 
I that, with the exception of the anterior pair, if the 
I position does not seem suitable for true eyes, neither 
I IB it that which one would expect in light-urgana, 

On the Mode of Vision by Means of 
Compound Eyes. 

Johannes Mnller, in his great work on the Physiology 
of Vision," was the first to give an intelligible explana- 
tion of the manner in which insects see with their com- 
pound eyes. According to his view (see Fig. 75), 
those rays of light only which pass directly through 
the crystalline cones, or are reflected from their sides, 
can reach the corresponding nerve-fibro. The others 
fall on and are absorbed by the pigment wliich separates 
the different facets. Hence each cone receives light 
only from a very amall portion of the field of vision, 
and the rays so received are collected into one spot 
of light The larger and more convex, therefore, is the 
eye, the wider wiU be its field of vision ; while the 
smaller and more numerous are the fai-ets, the more 
distinct will the vision be. In fact, the picture per- 
ceived by the insect will be a mosaic, in which the 
number of points will correspond with the number of 
facets. 

• " Zur vprgleichenilen Phyaiologic dea GeBichlainnes." 
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This theory wna at first received witli much favonrJ 
In 1B52, however, Gottsche * attai-ked Miiller'a TieWiT 
pointing out that eaoh separate cornea of a compounti. j 
eye can, and in fact does, give a sepurate aod diatinct.l 
image. Tiiis liiiil, inileed, long previously been ob- 
served by Leeuwenlioek, who said, " When I removed I 
the tnnica cornea a little from the focus of the micra-'jl 
scope, and placed a light- d candle at. a short difitane^J 
so that the light of it must pass through the tuaicaj 
cornea, I then saw through it the flame of tlie candlu 
inverted, and not a single one, but some hundreds of] 
flames appeared to me, and these so diatincily (thougli P 
wonderfully minute) tliat I could diaceru the motion of I 
trembling in each of them." t 

Of this, indeed, it is easy to satisfy one's self. It i-tj 
only necessary to look at a candle throngh the corneajl 
of an insect, and then slightly draw back the mioio- 
acope, when a thousand small images of the candlf, 
each formed by one of the lenses, will be plainly seen, j 
If, then, in such cdscs there was a retina placed at th^ 
proper diatancp, a true image would be lormed, i 
the retina in our own eyes. This paper of Gottaehe'* 
threw gti-at duulit on MiiUer's explanation, which,! 
indeed, was, in Uurs's words, " ahandonnet; par tout It* 1 
monde." J 

It is one thing, however, to see that the lenses throw, | 
distin't picture's, but quite auothar to understand ho*v 
sucii pictures could be receivei on the retiua, or com- 
bine.! into one distinct image. 

* "Beit, ziir AnaL and Phjs. der Fliegen and Krebae," JVAUer**] 
AriJi^ 1852. 

t A. VuD Leouwenhoet, " Select Works," translated by 8. ] 

t " Do la viaion chuz lea Arlliroi>adeB," At. de» Set, Phy». et Nat/ 1 
Geiievti: 18fil. 
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It must, mr>reover, be remeii^bered that in our eyes 
the whole field of vision is reversed, so that differait 
objects rt'main in the same relative positiun. In the 
case of iuseuta, however, it would be the image thrown 
by each facet which would be reversed, and hence the 
general effect would be altogether false. 

We must not attach too much importance to the 
mere presence of an image. Any lens-like object, even 
a globule of fat, will give one. Moreover, aa Miiller 
and Helniholtz have shown, the lensfs of the cornea 
would be an ad\antflge on the theory of mosaic vision, 
by assist in;' to condense the rays of light on the 
termination of the nerve. 

Gottsche's observation was made m the eye of the 
blow-Hy {Musca vomitoria), and, as a matter of fact, the 
fly is one of those insects which do not possess a true 
crystalline cone. It is, therefore, probable that the 
image which he saw was that of the cornea. Moreover, 
aa is shown by hia figure, which I give below (Fig. 113), 
he states" tliat the image was formed at x, wbile the 
retina is fur away at y. He sussested, indeed, that 
the so-called optic ganglion really corresponds with 
the retina of our own eye ; but this would not remove 

• Hia worda are^" Ad dar bintern Flaelie der Cryatallliorper im 
Flir-gbUHUge kehrt sich sicber ilaa Bild uin. woil daa Bild dem ubjuct 
iu der Lage gluioh ist, aud da. daa Mikroskop daa Ubjecl eiDQifll 
niukebrt, so mut^a bisr cinu doppelte UmliEibrUDg stattfiadea, einmal 
diircli dag Slikruskop Dad vorher diircb iloa parBboliacbeu Ciystnll- 
kurper. Entatelit nun bc-i x (Pig. 113) tin utuKuktbrtes Bild, so im 
die Fruge, wild dag garize Bild von x duri'h den Stiel Kur Bctititi 
nnd zui Porotptioa bei ; hingpteitet oder wirkt diCBOr diiune Sliel 
gleichaam via ein DinphingDiB nnd giubt er nur einen Tlieil di's 
BildeB bei zoaoli y" (G<jtt!ohi>, "Beit, zur Anat. und Fliys. dea Aagua 
dec Krebee iwd Fliigen," Arch, fur Aimt. Phys. umi Wui. Jferftctn., 
1632> 
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the difficulty, because, if any dffiuite picture is to be 
formed, the senaitive rods, coiies, or other striicitiireaJ 
must lie in the plane of the imagej 
and this ia not, in fact, the case. * 

Dor enggested timt the cryatalline 
coues are uervoiia structures, and eor- 
reapoiid to the rods of tiie vertebrate 
eye (Fig. 79). He admits, however, 
that, as & matter of fact, the imtige ia 
not formed at the anterior Burl'acs of 
the crjritulliiie cones." 

And yet in his final anmmaiyj 
Laving shown that the image is formeT 
not at the auleiior siirface, but dt 
down in the crystalline cones, 
expresses quite a different vi( 
y compares tbe crystalline cone 

Fig. 113,-onp of the the vitrcouB body, and considers thf^ 
or'°»'""fly (i(^r the tiue i-elitia is to ba found in e 
uiimeraieti.riuii- envelope which surrounds tbe cone, 
fc'lfu*! kT (4^j Plateau f regards the mosaic theoryiJ 
rTrrtin^'y, swi^"^ o^ Miillcr OS definitively abandoned^il 
''''™' but rather seems to have had in 1 " 

mind that of Gottsche. At least, he states ihat, accord 
ing to Miiller, the mosaic is formed by a number t 
pitrtial images, each occupying the base of one of th* 
elements composing the compound eye. Tiiis, I 
ever, is not Miiller's theory. 

" " La eornte arco an conveiiti? poslerieure oorreaponil k la o 
et Ott aristallin doa vertSbreB, le oorpa cristallin (nveo le Boi 
corps yifw) et la fibre nerveuae qui i'y attachti & In onuo 
bfttonnet8,entln In ganglion optique & ccllee dee couches de la r^ti 
milt oompoBeea dca grnmilaticniB, di b oellaleB, ot dea Bbrra nert 
t " Rtt-b, Exp. aiit la Vision des Arlhropodca," BruiellBs : 
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On tlie other hand, Bull,* Esner,t and Grenadier 
Btem to me to have proved that the compuuiid eyes of 
inaei!ta cannot act aa ours do; that thu theory which 
assumes that eanh facet acts aa a separate eye and 
projects au image on a retina, is pliyaically untenable. 

In the first place, there are cases — for instance, 
Forficula, Uytiacus, and Stratiomys among insects; 
Ligia and many others among Crustacea — where the 
cornese are nut sufBuieutly arched to give any distinct 
image. But even where an image is thrown by the 
cornea, it would be destroyed by the crystalline cone. 

In certain Crustacea the crystalline cones are 
elongated and curved; tlii>i, which Oscar Schmidt J 
regarded as fatal to Miillei's theory, is, on the con- 
trary, as Exuer has pointed out, quite compatible witii 
it, hut, on the contrary, cannot be iLConciled with the 
theory of an image. 

There are few beetles in which the cornea give 
better images than in the firefly {Lampi/ria sjplindidula). 
On the other hand, the crystalline cones entirely 
destroy these images. If the eye is looked at through 
a microscope, and the crystalline conea are left in «itu, 
the field of view appears perfei-tly black, with a bright 
spot of light at the end of each cone. No trace of an 
image can be any longer perceived. In fact, the 
images seen by Leeowenhoek aud Goltsche are thrown 
by the cornea only. 

In most oases, then, it would appear that the image 
formed by the cornea is destroyed by the crystalline 

• "Beit. Kur Pliya. Optik," Jrch./ur Anai. Phgt. trnd Wits. Medicia., 
1871. 

t " TJeher du Seiien von Bewegnngea und der Tlieorie des 
(nMunmengesctzlen Auyes," Site. K. Akad. d. Fi'ss. Wieii., 1875. 

X Ibid., 187G. 
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cone. This doea not, indeed, always occur ; but even in | 
sucli ca-iea the image does not coincide with the posteriur 
end of the cone. GrenacUer repeated the experiment 
of Gottsche with moths. Here the cryslalline cones 
are iirm, and are attached to the cornea. Thus he 
able to remove the soft parts, and to look through the I 
cones and the cornea. M'hen the microscope waa ! 
focussed at the inner end of the coue, a spot of light ' 
was visible, but no image. As the objtct-glass was. 
moved forward, the jmnge gradually came into view, 
and then disappeared again. Here, tiien, the image is ' 
formed in the interior of the cone itself. Exner had 
endeavoured to make this experiment with the eye of , 
Hydrophilns (the great black water-beetle), but the I 
crystalline cones always came away from the cornea. J 
He, however, calculated the focal length, refraction, 
etc., of the cornea, and concludtd that, even if, in spite 
of the crystalline cone, on image could he formed, it 
would fall much behind the retiuula. In these oases, 
then, an image, is out of the question. Moreover, as 
the cone tapers to a pomt, there woulil, in fact, be no 
room for an image, which must be received on an , 
appropriate surface. In many instct eyes, indeed, as in ' 
those of the cockchafer (Fig, 100), the crystalline con& 
is drawn out into a thread, which expands again before 
reaching the retinula. Such an arrangement se 
falal to any idea of an image. 

Moreover, for definite vision by the formation of an i 
image, it is necessary that the eye should possess some j 
power of accommodalion for difl'erent distances. It is J 
obvious, from Fig. 76, that no distinct vision woul4 j 
be given unless the receptive surface follows the ] 
line a' b' o'. But the position of this sui'face «ill~ ( 
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depend upon the diatance of ah o from the lena. Aa 
a matter of fact, Leydig * and Leiu-kart t thought tliey 
hail discovered, between the cornea and the crystalline 
couea, certain muscular fibres which might regulate 
the distance between the two, and thus effect this 
object. Subsequent observers, howeveii have failed to 
detect these fibres. 

Again, it will be seen, from a glance at Fig. 7<i, 
that in an eye eonstiluted like ours, on tlie principle 
of a camera obacma, the retina must follow a regular 
curve. If it is brought at all tno fur forward, or forced 
the b-a-t too far back, the image is at once blurred. 
Hence, in our own case the frequent need for spectacles, 
and lience it would seem tUut a conical retina ia a 
phyfieal impossibility. 

Plateau, indeed, adopts f a suggestion made by 
Grenacher that the absence of any means of adaptation 
may be rendered unnecessary by tlie length of the 
cones, the rays coming from diftaut objects acting oil 
the anterior end, those from nearer ones at a greater or 
loss depth. This, I confess, seems to me inadmissible. 
In the first place, the light must surely act immedi- 
ately it impinges on the organ of perception ; and, in 
tlie second, the cones are, as a general rule, abso- 
lutely I ran5parent — the light piisses unimpeded through 
them. 

Again, if insects see with their compound eyes as we 
do with ours, ihey must, of course, possess a retina. 
No such structure, however, has been aa yet shown to 



■ "Zmn feinerea Bau der Artlirnpoden," Jlfuilcr's Arch, 
and Fhyi., 1855. 
+ " Carol nologiBelies," Wieijiaann'i Aroh., iSSS. 
t ** BeoL. Eip. sut la tLJuq cUtz les Arthropodon," 1887. 
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exist. Wagner," indeed, observed that iu some cases 
the optic nerve embraces the end of the cone, and he 
snpposed that it thus forms a surt of retina, for which, 
however, its form is little suited. 

I ouglit also to mention that Mux Schultzef con- 
sidered that he had, iu some few cases — for instance, 
in Syi'phus — been able to observe that the termina- 
tion of the nerve does divide into a numVer of fibres. 
Patten.l moie recently, has also maintained the 
existence of numeroiia nerve-fibrils, wliich, however, 
subsequ>-iit observers — for instance, Kingsley § and 
Beddard |] — have been unable to distover. Even, how- 
ever, if we admit the perfect correciness of Schtiltze's 
observation, these cases are exceptional, and the flbrea 
so few that they can hardly, I think, affect the general 
conclusion. To give anything like a distinct vision, a 
yery large number would be required. 

A last objection is the extreme difficulty which 
would exist of combining so many different images 
into one idea, though it must be admitted that at first 
sight this difficulty (though to a minor degree) exists 
even in the case of simple eyes, the number of which 
varies considerably. Spiders have six to eight ; some 
aquatic larvEC twelve ; while the Oniseoidm (i\ood-lice), 
assuming that their eyes are aggregates of simple eyes, 
as Muller supposed, have as many as twenty to forty. 

* Binige Bemetk. fiber den Ban der xdb. Aiigen," ATck. /Ur SaL, 
1835. 

■f "Unt. liber die zng. Angen det Krebae nnd luMcten," 1868. 

t " EyoB of Mollusi's nnd Actliropnda," Mitlh. Zool. SI. Neopel, 1886. 

§ " Oq thu nivisionBof Ihe Compouud Y-ye," Journal of MorpluAogy, 
1887. 

II " On the Structure of tbe Eye iu Ojtaotbuidie," Traat. Roy. Sue. 
Edin., 1887. 
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Tliese, hoivevfT, tnke in diffeieiit ports of tbe fli-ld of 
vision. 

Tbe priDclpal reasons, tben, which eeem to favour 
Mullet's theory of mosait! vision are as fullowa: — 

(1) in certain cases — for instance, in Hyperia — there 
are no lenses, and consequently tlieie can be no iiuagc ; 

(2) the image would generally be destroyed by the 
crystalline cone ; (3) in some cases it would seem that 
the image would be formed completely behind the eye. 
while in others, again, it would be too near the cornea ; 
(4) a pointed retina seems incompatiliie with a dear 
image; (5) any true projection of an image would in 
certain species be precluded by the presence of im- 
penetrable pigment, wliich only leaves a minute central 
passage for the liglit-niys ; (6) even tlie clearest 
image would be usfleas, from the absence of a suit- 
able reeeptiye surface, since both the small numbur 
and mode of combination of the elements composiiig 
that surface seem to preclude it from receiving more 
than a single impression; (7) no system of accommoda- 
tion hua yet been discovered, Finally, (8) a combina- 
tion of many thousand relatively complete eyes seems 
quite useless and incumprehensiUle. 



On the Tower of Vision in Insects, etc. 

As regards the practical virion of insects, our know- 
ledge is still very imperfect. No one, indeed, who has 
observed them can doubt tliat in some the sight is 
highly developed. It is impossible, for instance, to 
watch a dragon-Hy hawking over a pond, — to see the 
rapidity and accuracy of ifa movements, and doubt 
that it can see well. 
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On tlie other Imnd, Clapaifede asserts that at a 
distance of twenty feet a hive bee would be unable to 
see any object which was less than eight or nine iucfaes 
in diameter, and even at a distance of a foot he saya 
that each facet wonld correspond to an inch and a third. 

To determine how far a faceted eye conld see, he 
takes the brea'ltli of a facet, the radins of the eye- 
sphere, and the smalleBt angle of vision, and the dis- 
tance in centimetres at which the facet would cover 
a centimetre, and finds for the bee, for instance, 6'7 
centimetres. 

He then proceeds to inquire at wliat distance from 
the feceted eye the image is as i-lear as in the Immnn 
eye, and he thinks this would be about a millimetre, 
from which it would rapidly diminish, being only ^ at 
a centimetre, and at a metre no distsnt vision being 
possible; so that at a very little distance such eyes 
would be as good as useless. 

"In the human eye, for example, the distance 
between the centres of two adjacent cones is only 
iTi^C mm., but in Musca the distance between adjacent 
ommatidia is -,-^,5 mm. In fact, the picture, us received 
by the nerve-enj cells of the Vertebrate eye, is much 
more complete in itself than it can possibly be in any 
Arthropod eye, and conscqnently the latter possesses 
a much more elaborate and complete translating appa- 
ratus in its retina thiin the former posaeaseti." • 

Clapai&ile arrives at this conclusion by taking 
the average curvature of the whole eye, as b ing true 
for each part. This, however, is not the case, and 
in the central region of the eye the adjacent faceta 

• 8. J. HioltBon, " The Eye and Optio TwEt of Insects," QuartxTly 
Jountal of Microecepical Science, vol. xxv., now aeries, 18SS, p. 242. 
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make but a small angle with one another. Lowne has 
(Mtlculated thiit wasps, humble bees, dmgon-flies, etc, 
would, at a distance of twenty feet, be able to distiugiiiBh 
objects from half an inch to an inch in dinmeter. Thus 
a dragnn-fly wonld see an object twenty feet from its 
eye in the same detail tliat a man would pircyive it at 
a dista'ici! of a hundred and sixty feet. 

Moreover, when Clapareile* observes that bees will 
return from a consideruble distance straight to the door 
of their nest, and that, um^er Miiller's theory, the door 
would at such a distance be absidutely invisible, he 
forgets that the bee first probably guides itself by the 
known position of the door in relation to some tree or 
other large object, then with reference to the hive 
itself, and that it is quite unnecessary to assume that 
the door is actually seen from a distimce. 

With reference to the power wbieh insects possess 
of determining form, Plateau t has recenlly made soma 
ingenious experiments. Suppose a room into whiuh 
the light enters by two equal and similar orifices, and 
suppose an insect set free at the back of the room, it 
will at once fly to the lifrht, but the two openings 
being alike it will go indifferenlly to either one or the 
other. That such is the ease Plateau's experiments 
clearly show, and, moreover, prove that a comparatively 
small increase in the amount of light will attract 
the insect to one orifice in preference to the other. It 
occurred then to Plateau to utilize this by varying the 
form of the opening, so that tlie light admitted being 

• "Znr Morph. der zns. Augen bel den Artliropodeii," Ztil. /flr 
Wisi. Znol. 18(10. 

+ Butt, de VAead. Hoy. de Belgiquf, t. t, 1 
la Son. Ent. de Belg., 1887 ; "Bech. Exp. 
ArlliTopodea," 1887. 
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pqnal, the opening on the one side gbould leave a clear 
passage, while that on the other should be divided by 
bars large enough to be easily visil-le, aud sufficiently 
close to prevent the insect from pussing. 

Hia experiments were conducted in a room five 
metres square, lighted by two similar windows looking 
to the west. It was on the first floor, and looked out 
on to fielda. Moreover, he had the glass of tiie windows 
slif^htly ground, ao that, while the light penetrated, 
nothing outside could be seen. He tiien covered up 
the windows, leaving only two orifices, one of whicli 
was simple and square, while the other was divided 
by cross-barn. To secure equality of liglit, the latter 
was left somewhat larger than the other, and the 
equivalence of the two was determined by a Rumford's 
photometer. The insects were set fi'ee on a table at 
the back of the room, exactly betneeu the two open- 
ings, and at a distance of four metres. He states that 
a very slight difference in the intensity of the light 
determined the flight of the insect to either one or the 
other opening; while, if the amount of light was as 
nearly as possible equal, they flew as often to the one 
as to the other. 

Omitting the ca-fcs when the light was not equal, the 
numbers were as follows: — 

Jlugm cmntVorVa (ths lilocLottle) S ... T 

On the other hand, they were — for 

EristaUsfenaxitbe'beefly'i i ... R 

FaneMU urtiVie (UirtoiscnliL-H bulterfly) 1 ... 5 



In fact, th'n, the insects seem to liave gone more 
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often to the trt-Uiaed opening, M. P/ateau conoludea 
that iuseois do not distinguish differetiaes of form, or 
can only do so very badly (" lis ne di'*tinp;uent pna 1» 
forme des ol>jeets on la distingiicnt fort mul ") 

I confess, however, that these expeiimentp, ingenious 
as they are, do not seem to me to justify the conclu- 
sions whieh M. Plateau has deduced from them. 
Unless the insects had srmie means of measuring 
distance (of which we have no clear evidence), tliey 
could not tell that even the smaller orifice might not 
be quite large enough to afford them a free passage. 
The bars, moreover, would probably appear to them 
somewhat blurred. Again, they could not possibly 
tell that the bars really crossed the orifice, and if they 
were situated an iuch or two further off they would 
oonstitufe no barrier. 

I have tried some experiments, not yet enough to be 
conclusive, but which lead me to a different conclusion 
from that of M. Plateau. I trained wasps to come to 
a drop of honey placed on paper, and, when the insects 
bad learned their lesson, changed the form of the paper, 
as I had previously changed the color. It certainly 
seemed to me that the insect recognized the cbaufie. 
M. Forel has also tried similar experiments, and with 
the same result. 

We know, however, ae yet very little with rt-ference 
to the actual power of vision possessed by insects. 



On the FtracTioN of Ocelli. 

Another interesting question remains. What is the 
function of the ocelli ? Why do insects have two sorls 
of eyes ? 
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Johannes Muller considered that the power of vision 
of ocelli "ia probably conflued to the perception of 
very near obj(;cfa. This may be inferred partly from 
tlieir existing principally in larTte and apterous insects, 
and partly from several observations which I have 
made relative to the position of these simple eyes. In 
the genus Empuaa the head ia bo prolonged over the 
middle inferior eye that, in the locomotion of the 
animal, the nearest objects can only come within tlie 
range. In the Locusla eornuta, also, the same eye lies 
beneath the prolongation of the head, . . . Jn the 
Orthoptera generally, also, the simple eyes are, in 
consequence of the depressed position of the head, 
directed downwards towards the surface upon which 
the insects are moving." 

From these facts, he considers himself justified in 
concluding that tiie simple eyes of insects are intended 
principally for myopic vision. The simple eyes bear 
a similar relation to the comp luud eyes, as the palpi 
to the antenna). Both the antennce and compound 
eyes are absent in the larvce of insects." " 

Lownc observes t that "the great convexity of the 
Itna in the ocellus of Eristalis must give it a very 
short focus, and it is manifestly but ill adapted for 
ihe formation of a picture. The comparatively small 
number of rods must farther render the production 
of anything like a perfect picture, even of very near 
objecls, useless for purposes of vision. I strongly 
suspect that the function of the ocelli is the perception 
of the intensity and the direction of light rather than 
of vision in the oi-dinary acceptation of ihe term," 
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Ei^aiimiir, Marcel de Serres, Diiges, Liiid Fovtjl also 
have shown thut in insects which possess hoth ocelli 
and oompiund eyes, the ocelli may be covered over 
without materiaily affecting the movementB of the 
animal ; wliile, on the contrary, if the compound eyes 
are so treated, they behave just as if in the dark. For 
instance, Forel varnisbed over tbe eomponnd eyes of 
some flies (Musca vomitoita and Liieilia coisar), and 
found thiit, if placed on tlie ground, they made no 
attempt to rise, while, if thrown in the air, they flew 
firBt in one direction and then in another, striking 
against any object thfit came in their way, and being 
apparently quite unable to guide themselves. They 
flew repeatedly against a wall, falling to the ground, 
and nnubie to alight against it, as tliey do so cleverly 
when they have their eyes to guide them. Finally, 
they ended by flying straight up into the air, and quite 
out of sight. It seems, indeed, to be a very general 
rule that insects of which tho eyes are covered, 
whether they are totally blinded, or whether the ocelli 
are left uncovered, fly straight up into Ihe air — a very 
onrious and Kignificant fact of which I think no 
satisfactory explanation has yet been given. 

Plateau • regards the simple eyes, or ocelli, as ru'ii- 
mentary organs of scarcely any use to the insect, Forel 
also states, as the result of his obseiTations, that wasps, 
humble bees, ants, etc., find their way both in the air 
and on the ground, almost equally well without as with 
the aid of their ocelli. 

I confess that I am not satisfied on this point In 
such experiments great care is necessary. M. Forel'a 
interesting experiments witli ants, whose compound eyes 
• Ball, de FAead. Eos- de Brhj!qite, t. x., 1885. 



178 



ESPJiKIMENTS 



be had covered with opaque varnish, might almost, for 
instance, be quoted to prove tlie same with ruference 
to the compound eyes. " Mes Camponotus aus yeux 
vemis," be eays, "attaquaient et tuaient aiissilot une 
Formica fuaca mise au milieu d'eux, la saiaisaaient 
presque aussi adi'oitement que cens qni avaieut leurs 
yens. lis demeDageaient un tas de larvea d'an coiu 
de leur recipient a I'aiitre aveo autant de precision 
qu' avee leurs yeux." " 

On the other hand, Fotel goes so far as to say that 
if the compound eyes are covered with black varnish, 
insects cannot even perceive light ("Cela prouve 
qu'ellfs lie voyaieiit plus nieme la lueiir"). In fact, 
the use of the ocelli eeema a great enigiua, at least 
when the compound eyes are present. "^ 

We must remember that some other Articnlata — 
spiders, for instance — possess ocelli only, and they 
certaiiily see, though not probably very well. 

Plateau has made some ingenious observations, from 
which it appears that spiders are very sbort-sighted, 
and have little power of uppret'iating form. He found 
they were easily deceived by artilicial flies of moat 
inartistic construction; and he concludes that even 
hunting spiders do not perceive their prey at a greater 
distance than ten centimetres (about four inches), and 
in most cases even less. Scorpions appeared scarcely 
to see beyond tbeir own pincers. 

I have also made some experiments on this point 
with spiders (Lycosa saccata). In this species, which is 
very common, the female, after laying hei eggs, collects 
them into a ball, which sbe surrounds with a silken 
envelope and carries about witli her, I captured a 
* Ilfeueil Zool. Siii'sje, 18Ji7, 
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female, anil, after taking the bag of eggs from Iiei-, put 
her on a table. She ran about awhile, looking for her 
eggs. Wlien she became still, I placed the ball of 
eggs gently iibiint two inches in front of her. She 
eTidently did not see it. I pushed it gradually towards 
her, but sbe tonk no notice till it nearly touched her, 
when she eagerly seized it. 

I then took it away a arcond lime, and put it in the 
middle of the table, which was two feet four inches 
by one foot four, and hal nothing else on it. The 
spider wandered about, and sometimes passed close to 
the bag of eggs, but took no notice of it. Sbe 
wandered about for an liour and fifty minntea before 
she found it — apparently by accident. I then took it 
away again, aud put it down as befire, when sbe 
wandered about for an hour without finding it. 

The same experiment was tried with other individuals, 
and with the same results. It certainly appeared aa if 
they could not see more than half an inch before them 
—in fact, scarcely further than the tips of their feet. 

I may also mention that they did not appear to 
recoguize their own bi\ga of eggs, but were equally 
happy if they were interchanged. 

On tbe olher hand, it must be remembered that the 
sac is spun frum the spinnerets, and the Lycosa had 
perhaps actually never sc-ii the bag of eggs. Hunting 
spidei'S certainly appear to ])erceive their prey at a 
distance of at least several inches. 

Plateau has shown, in a recent memoir, that cater- 
pillars, which possess ocelli, but no comjiound eyea, 
are very sh[jrt-sighted, not seeing above one to two 
centimetres.* 



■ "Rerh. Exp. m 
•Aaxd. Unij. de lidgiq 
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Lebei't has expressed the opinion" "that in Bpiclt-ra 
some of their eight eyes — those which aie mnst convex 
and brightly coluured— serve to see during daylight ; 
the others, flatter and colorless, during the dusk." 
Paveai has observed t that in a cave-dwelling species 
{Nestieits speluncaj-um), wliich belongs to a gi^iius in 
which the other species have eight eyes, the four 
middle eyes are atrophied. This auggeota th;it they 
serve specially in (iaylight. 

Eelurning for a moment to the ocelli of true insects, 
it seems almost incredible that such complex organs 
should be rudimentary or useli'sa. M.^eover, the 
evidcTiee afforded by the genus Eciton seems difficult 
to reconcile with this tiieory. The species of tliis 
genus are hunting anis, which move about in large 
armies and attack almost all sorts of insects, whence 
they are known as driver ants, or army ants. They 
have no compound eyes, but in the place of them 
most sp'^cies have a single large oceliiia on each side 
of the head, while others, on the contrary, are blind. 
Now, while the former liunt in the open, and have all 
the appearance of seeing faiily well, the tatter con- 
struct covered galleries, and seek their prey in hollow 
trees and other dark localities. 

Insects wiih good sight generally have the crystalline 
lenses narrow end long, which involves a great loss of 
light. The ocelli are specially developed in insects, 
such as ants, bees, and wasps, which live partly in the 
open light and partly in the dark recesses of nests. 
Again, the night-flying moths all possess ocelli; while 
they are entirely absent iu butterflies, with, accord- 
• - Die Spinnen der Bchweiz." 
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ing to Scudder, one exceptioD, namely, the genus 
Pamphila. 

On the whole, then, perhaps the most probable view 
is that, as regards insects, the ocelli are useful in dark 
places and for near vision.* 

Whatever the special function of ocelli may be, it 
seems clear that they must see in the same manner as 
our eyes do — that is to say, the image must be reverted. 
On the other hand, in the case of compound eyes, it 
seems probable that the vision is direct, and the diffi- 
culty of accounting for the existence in the same animal 
of two such dijQferent kinds of eyes is certainly enhanced 
by the fact that, as it would seem, the image given by 
the medial eyes is reversed, while that of the lateral 
ones is direct. 

Forel, in bib lotit memoir, inclines to this opinioiL 



CHAPTER Vm. 

ON PEOBLEMATIOAL OBOANS OP BEN3H. 

Is addition to tlie organs of whicli I have attempted 
in tlie precediLg chaptera to give some idea, and to 
those which fiom their structure we may aiippoae to 
pei'form analogous functions, there are others of con- 
aiderable importance and complexity, whirh are evi- 
dently organs of some sense, but the use and purpose 
of which are still unknown. 

"It is almost impossible," says Gegenbaur,* "to 
say what is the physiological duty of a number of 
organs, which are clearly sensory, and are connected 
with the integnment. These enlargements are generally 
formed by ciliated regions to which a nerve passes, 
and at which it often forms enlargements. It is 
doubtful what part of the surrounding medium acts oi> 
these organs, and we have to make a somewhat far- 
fetched analogy to be able to regard tbem as olfactory 
orgnns." 

Among the struclures of which the use is still quito 
uncertain are the muciferous canals of fishes". The 
skin of fishes, indeed, confains a whole seiie* of organs 
of whose functions we know little. As regards the 
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^H miidferou!? ctinal, Schiiltze has snggested * that it is a, 

^H sense-organ adajited to receive vibratiuna of ttie water 

^H with wave-leugths too great to be perceived as ordinary 

^H aoands. Bean) ahio Ipaoa to this aame view. However 

^^K this may be, it is remarkably developed iu many deep- 

■ sea fish. 

^^P In some eases peculiar eye-like bodies are developed 

^H in connection (though not exclusively so) with the 

^H mneiferonB canal. Leuckart.t by whom they were 

^H discovered, at first considered them to be accessory 

^H eyes, but subsequent researches led hira to modify 

^H this opiniou, am) to regard them as himiaous organs. 

^H TJasowJ has more recently maintained that they are 

^^1 eyes, and Leydi^ considers them as organs which 

^H approach very nearly to trne eyes (" welche wirblichen 

^^^ sehorganen sehr nahe ateheu "), Whatever doubt there 

^^1 may be whether they have any power of siglit, there is 

^^B no longer any question but that they are luminous, 

^^m and they are especially developed iu the fishes of the 

^H deep sea. 

^H These are very peculiar. The abysses of the ocean 

^1 are quite still, and black darkness reigns. The 

^H pressure nf the water is also very great. 

^H Hence the deep seas hare a peculiar fauna of their 

^V own. Surface species coidd not generally bear the 

enormous pressure, and do not descend to any great 

de|ith. The true deep-sea forms are, however, as yet 

little known. They are but seldom seen, and when 

^^L * "Ueber dio SinncHorgBne der RBitenlinie bel Fierben und 

^M Ampbibien," JTiih.fSr Mic Ana/., IgTO. 

^^1 t " UebHt iniitlimRaBliohe NebeiinugeQ bei emem Fi^cbe." Berlcbt 

^H Ubei die 3[) Vere^ Beutsulier Natiirf-yndter, 6ie«vn, IStii. 

^^M [ "Ueber den Bau der sog. aiigenalinlichuu Flooken eiDi^i: 

^H Knoobenfiacbe." Bull. Soe. Imp. ifuMour, 1879. 
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ubtainftd are generally in u bad state of preservatinn. 
Their tissues seem to be nnnsually las, and liable to 
destruction. Moreovt-r, in every living organism, 
btisides those usually present in the digestive organs, 
ibe blood and other fluids contuia gases in solution. 
These, of course, expand when the pressure is 
diminished, and tend to rupture the tissues. The 
circumstances under which some deep-sea fish have 
occasinnally been met with on the surface bears this 
out. They are generally found to have perished while 
endeavouring to swallow some prey not much smaller, 
or even in some cases lai^er, than themselves. Wliat, 
then, has happened? During the struggle they were 
carried into an upper layer of water. Immediately 
the gases wilhin tliem begun to expand, and raised 
them higher; the process continued, and they were 
carried up more and more rapidly, until they reached 
the surface in a dying condition." 

It is, however, but rarely that deep-sea fish are 
found thus floating on the surfacf, and our knowledge 
of them is mainly derived from the dredge, and 
especially from the specimens thus obtained during 
the Toyiige of the Ghallenger. 

In other respects, moreover, thfir conditions of life 
in the ocean depths are very peculiar. The lijiht of 
the sun cannot penetrate beyond about two hundred 
fathoms; deeper than this, complete darkness prevails. 
Hence in many species the eyes have more or less 
completely disappeared. In others, on the contrary, 
they are well developed, and these may be said to be 
a light to tliemselves. In some species there are a 
number of luminous organs arranged within the area 
* GQnther. " Introdaotion to fbe Study of Fiiilies." 
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of, and in relation to, the muRifennis eysteiii ; while in 
otherfi tiiey are variously situated. These luminoiiB 
orgiiua were first mentioned hy Cofco.* They have 
since been studied by Giinther, Lencliart, Uesiw, 
Leydig, and Emery. Lastly, they have been caiefully 
described hy Giinther, Museley. and von Lt-nclent'eld 
in the work on "Deep-Sea Fishea," in vol. xxvii. of 
the "Challenger Reports." The deep-sea fish are 
either silvery, pink, or in many ea^ea black, sometimes 
relieved witii scarlet, and, when the Inminoaa organs 
flash out, must present a very remarkable app'arance. 
We have still much to learn as to the structure and 
functions of these organs, but there are cases in 
which their use can be surmised with some probability. 
The light is evidently under the will of the fish. It is 
easy to imagine a Photicblbys (Fig. 114), swimming 




in the black depths of the ocean, suddenly flashing out 
light from its luminous organs, and thus bringing into 
view any prey which may be near; while, if danger 
is disclosed, the light is again at onee extinguished. 
It mny be observed that the largest of these organs is 
situated just under the eye, so that the fish is actually 
I with a bull's eye lantern. In other cases 

• NuoBt Ann. del S<:i. ^''lt., 1838. 
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the light may rather serve aa a defenoe, some havi 
as, for instance, iti the genus Scopelus^a pair of large 
ones in ihe tail, so that " a strong ray of light shot 
forih from the stern-chaser may dazzle and frighten an 
enemy." " In other cases they [jrohahly serve as lures. 
The " spft-iievil," or "angler," of our coasts has on 
its bead three long, very flexible, reddisli filaments, 
while all rouud its head are fringed appendages, closely 
resembling fronds of seaweed. The fiah conceals itself 
at the huttom,ia the sand or among seaweed, aud 
dangles the long filaments in front of its mouth. 
Otiier little fishes, taking them for worms, unsuspect- 
ingly approach, and themselves fall victims. 

Seveial species of tlie same family live at great 




depths, and have very similar habits. A mere red 
filament would, however, he invisible in iLe dark, aud 
therefore useless. They have, however, developed 
(Fig. 115) a Uiminuus organ, a living "glow-lump," at 
• Giidther, '' Cliailedgci' HojiorU," vol. xivii. 
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the end of the filament, which doubtless proves a very 
efffctive lure* 

These cases, however, though very interesting, throw 
little light on the use of the miiciferous system 
in ordinary fish, whiclj, I think, still reniaius an 
enigma. 

In some of the lower animals, the nerves terminate 
on reacliing the skin at the base of rod-like structures 
wmilar, in many respects, to the rods of the retina, or 
the auditory rods of the ear, and of whidh it is very 
difficult to say whether they are organs of touch or of 
Borne higher sense. 

Round the margin of the oomno«n sea-anemone is 
a circle of bright blue spots, or small bladders. If a 
section be made, there will be found a number of 
cylindrical organs, each containing a fine thread, and 
terminating in a " cnidocil (I"ig. 14) ; " and, secondly, 
fibres very like nerve-threads, swelling from time to 
time with ganglionic expansions, and also terminating 
in a cnidocil. Tlieae struclures, in all probability, 
serve as an organ of sense, but what impressions they 
convey it is impossible to say. 

Some jelly-fiahea (Trachyneniadie) have groups of 
long hairs arranged in pairs at ihe base of the tentacles 
(Fig. 116), which have been regarded as organs of 
touch, and it is certainly difficult to suggest any other 
function for them. They are obviously sense-hairs, 
but I see no reason for attributing to them the sense 
of touch. 

The 80-called eyes of the leech, in Ley<!ig's t opinion. 



• QanthOT, " SlQdy of FisheB." 

t " Die Augen und ueuc Siiiueaorgane der Egcl. 
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which is confirmKj by Eanke,* are also developed frtn 
the supposed special organa of touch. The latter are 
much more numeroiia, as many aa sixty being developed 
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on the head alone. They are cylindrical organs, lined 
with large nucleated refractive cells, which occupy 
nearly all the interior. A special nerve penetrates 
each, nnd, after passing some way up, appears to 
terminate in a free end. 

I may also allude to the very varied bristles and 
cirihi of wurma, with their great diversity of foima. 

Among Insects and Crustacea, there are a great 
number of peculiarly formed skin appendages, for 
wliich it is very difficult to suggest any probable 
function. 

The lower antennie of the male in Gammarus, for 
instance, bear a very peculiitr slipper-shaped organ, 
situated on a short stalk : this was first mentioned by 

• "Beit. Eu der I.Hhre. von den UebcrgangB Sinneeorgauen, 



J 



DIKPIOULTY OP PROBLEM. 



Milne Edwards, and subsequently 

especially by Leydig.* The short 

canal, which appears to divide into 
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lipper, 
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which itself is marked by a 
series of rings. 

Amoug other problematical 
organs, I might refer to the 
remarkable pyriform sensory 
organs on tlie antennje of 
Pleuromma,t the appendages 
on tlie second thoracic leg of 
Serolis, those on the mitxilli- 
peds of Eurycopa, on the me- 
tataraus of spiders, the fiuger- 
ahaped organ on the antennpe 
of Polydesmus, the singular 
pleural eye (?) of Pleurommd, 
and many others. 

There is every reason to 
hope that future studies will 
throw much light ou these in- 
teresting structures. We may, no doubt, expect much 
from the improvement in our microscupes, the use of 
new reagents, and of mechanical appliances, such &a 
the microtome ; but the ultimate atoms of which matter 
is composed are so inHnitesimally minute, that it iB 
difficult to foresee any manner in which we may hope 
for a final solution of these problems. 

Loschrai'lt, who has since been confirmed by Stoney 
and Sir W. Thomson, calculates that each of the 

• Zeit fir Win. Zoa.," 1878. 

t Biadj, " On the Copepotl» of the Challenger Expedition," voL riii. 
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ultimate atoms of matter is at most j^.on-'d.ffoit °^ " 
inch in diameter. Under tbeae circumstances, y 
cannot, it would seem, hope at present for any great! 
increase of our knowledge of atoms by improvements'! 
in the microscope. With our present instruments we 1 
can perceive iiues ruled on glass which are Tnj.JjTnf "f an- 1 
inch apart. But, owing to the propertiesof light itself, 
the fringes due to interfi'rence begin to produce con- 
fusion at distances of 7 4.,J,Tnj> and in the brightest part 
of the spectrum, at little more than ^Ty.Jij^o, they would 
make the obscurity more or less complete. If, indeed, i 
we could use the blue rays by themselves, their waves 1 
being much shorter, the limit of possible visibility I 
might be extended to i2T)lxii;fy> """^t "s Helmholtz has 
suggested, this perhaps accounts for Stinde having | 
actually been able to obtain a photographic image of I 
lines only ijyo^uyD" "^ '^^ '"'^'^ apart. This, however, ' 
would appear to be the limit, and it would seem, ' 
tlitn, that, owing to the physical charactera of light, i 
we can scarcely hope for any great improvement so i 
far as the mere visibility of structure is concerned, i 
though in other respects, no doubt, much may be I 
hoped for. At the same time, Dallinger and Royston 
Pigott have shown that, as far as the mere presence J 
of simple objects is concerned, bodies of even smaller 
dimensions can be perceived. According to the viewa 
of Helmholtz, the smallest panicle that could be ( 
distinctly defined, when associated wilh others, ia 
about ^,J,i57j of an inch in diameter. Now, it has 
been estimated that a particle of albumen of this a 
contains 1 25,1100,000 of molecules. In the case of snclb i 
a simple compound as water, the number would \» 1 
no less than 8,000,000,000. Even then, if we om^J 
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construct microscopes far more powerful than any we 
now possess, tbey could not enable us to obtain by 
direct vision any idea of the ultimate molecules of 
matter. The smallest sphere of organic matter which 
could be clearly defined with our most powerful micro- 
scopes may be, in reality, very complex ; may be built 
up of many millions of molecules, and it follows that 
there may be an almost infinite number of structural 
characters in organic tissues which we cun at present 
foresee no mode of examining. 

Again, it has been shown that animals hear sounds ' 
which are beyond the range of our hearing, and tliat 
they can perceive the ultra-violet rays, which are 
invisible to our eyes.* 

Now, as every ray of homogeneous light which we 
can perceive at all, appears to us as a distinct color, 
it becomes probable that these ultra-violet rays must 
make themselves apparent to the ants as a distinct and 
sejiarate color (of which we can form no idea), but as 
different from the rest as red is from yellow, or green 
from violet. The question also arises whether white 
light to these insects would differ from our white light 
in containing this additional color. At any rate, as 
few of the colors in nature are pure, but almost all 
e from the combination of rays of different wave- 
lengths, and as in such cases the Tipihle resultant 
would be composed not only of the rays we see, but of 
these and the ultra-violet, it would appear that the 
colors of objects and the general aspect of nature 
must present to animals a very diU'erent appearance 
from what it does to us. 

These considerations cannot but raise the reflection 
• " AqIb, Beee, and Waepa" 
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how different the world may — I was gams, to aay must 
appear to other aiiimak from wliut it does to ns. 
Soiijid is the aensation produced on ua when the ^nbra- 
tione of the air strike on the drum of our ear. When 
they are few, the sound is deep ; as they increase ia 
number, it becomes shriller and shriller; but when they 
reach 40,001) in a second, they eease to be audible. 
Light ia the effect produced on us when waves of light 
strike on the eye. When 400 millions of millions of 
vibrations of ether strike the retina in a second, they 
produce red, and as the number increases the color 
passes into oran^^'e, then yellow, green, blue, and violet 
But between 40,000 vibrations in a second and 400 
millions of millions we have no organ of sense capable 
of receiving the impression. Yet between these limits 
any number of sensations may exist. We have five 
senses, and sometimes fancy that no others are possible. 
But it ia obvious that we cannot measure the infinite 
by our own narrow limitatioua. 

Moreover, looking at the question from the other 
side, we find in animals complex organs of sense, richly 
supplied with nerves, but the function of which we are 
as yet powerleaa to explain. There may bo fifty other 
senses as different from oura as sound is from sight j 
and even within the boundaries of our own senses there 
may be endless sounds which we cannot bear, and 
colors, as different as red from green, of which we have 
no conception. These and a thousand other qneationa 
remain for solution. The familiar world which sur- 
rounds us may be a totally different place to other 
animals. To them it may be full of music which we 
cannot hear, of color which we cannot see, of sensations 
which we cannot conceive. To place stuffed birds and 
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beasts in glass cases, to arrange insects in cabinets^ 
and dried plants in drawers, is merely the drudgery 
and preliminary of study; to watch their habits, to '\ 
understand their relations to one another, to study 
their instincts and intelligence, to ascertain their 
adaptations and their relations to the forces of nature, 
to realize what the world appears to them; these 
constitute, as it seems to me at least, the true interest 
of natural history, and may even give us the clue to 
senses and perceptions of which at present we have no 
conception, 
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CHAPTER IX. 



ON BEES AND C0L0E8, 



In my book on "Anta, Beea, and Wasps,"* I have 
recorded a number of observations wliich seemed to 
me to prove that bees poasesa the power of diBtinguish- 
ing colnra — a power implied, of course, in the now 
generally accepted views as to the origin of the colore 
of flowers, but which had not up to that time been 
proved by direct experiment. 

Amongst other experiments, I brought a bee to some 
honey which I placed on a slip of glass laid on bine 
paper, and about three feet off I placed a similar drop 
of honey on orange paper. With a drop of honey before 
l)er a bee takes two or three minutes to fill herself, then 
flies away, stores up the honey, and returns for more. 
My hives were about two hundred yards from the 
window, and the bees were absent about three minutes, 
or even less; when working quietly they fly very quickly, 
and the autiial journeys to and fro did not take mote 
than a few seconds. After the bee hud returned twice, I 
transposed the papers ; but she returned to the honey 
on the blue paper. I allowed her to continue this for 

ne time, and then again transposed the papers. She 
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petunied to ths old spot, and was just going to aliglit. 
when she observed tbe change of color, pulled herself 
up, and without a moment's Lesitation daited off to the 
blue. No one who saw her at that moment could have 
the slightest doubt about her perceiving the difference 
between the two colors. 

I also made a number of similar observations with 
red, yellow, green, and white. But I was anxious to 
carry the matter further, and ascertain, if possible j 
whether tliey have any preference for one color over / 
another, which had been denied by M. Bonnier. To I 
test this I took slips of glass of the size used for slides I 
for tliB microscope, viz. three inches by one, and paab?d ' 
on them slips of paper of the same size, coloured re- 
spectively blue, green, orange, red, white, and yellow. I 
then put tliem on a lawn, in a row, about a foot apart, 
and on each put a second slip of glass with a drop of 

ley. I also put with them a slip of plain glass with a 
similar drop of honey. I had previously trained 
a marked bee to come to the place for honey. My 
plan then was, when the bee returned and had sipped 
lor ahout a quaiter of a minute, to remove the honey, 
when she flew to another slip. This I then took away, 
when she went to a third, and so on. In this way, as 
bees generally suck for three or four minutes, I induced 
her to visit all the drops successively before returning 
to the nest. When she had gone to the nest, I traus- 
posed all the upper glasses with the honey, and also 
moved the colored glasses. Thus, as the drop of honey 
was changed each time, and also the position of the 
colored glasses, neither of these could influence tha 
JB lection by the bee. 

In recording the results, I mnrked dowa successively 
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the ordf-T in wbii^h the bee went to the different coloured 
glasses. For instance, in the first journey from the 
nest, aa recorded below, ttie bee lit first on the blue, 
which accordingly I marked 1 ; when the blue was 
removed, she flew about a little, and then lit on the 
white ; when the white was removed, she settled oa 
the greeii, and so on successively on the orange, yellow, 
plain, and red. I repeated the experiment a hundred 
times, using two different hives — one in Kent and one 
in Middlesex — and spreading the oliservations over 
some time, so as to experiment with diffeient bees, and 
under varied circumstances. 

I believe that the precantions taken placed the 
colors on an equal footing, and that the number of ex- 
periments is sufficient to give a fair average. More- 
over, they were spread over several days, and the daily 
totals did not differ much from one another. The 
result shows a marked preference for blue, then white, 
then successively yellow, red, grsKU, and orange. The 
I'ed I used was a scarlet ; pink would, I believe from 
subsequent observations, have been more popular. I 
may also observe that the honey on plain glass was 
less visited than that on any of the colors, wliich was 
the more Eigni6cant btcau«e when I was not actually 
observing, the colors were removed, and Some drops 
of honey left on plain glass, which naturally gave 
the plain glass an advantage. 

Another mode of- testing the result is to take the 
number of times in which the bee went first to each 
color, for instancie, in a hundred visits she came' to the 
blue first thirty-one times, and last only four: while to 
tlie plain glass she came first only five times, and last 
twtnty-fout times. It may be worth while to add that 
I by no means expected such a result. 
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A recent number of Kosmos contains a very courte- 
ous and complimentary notice of these observations by 
Dr. H. MuUer, which, coming from so high an authority, 
is especially gratifying. Dr. Mnller, however, criticizes 
some of the above-mentioned experiments, and remarks 
that, in order to make the test absolutely correut, the 
seven glasses should have been arranged in every 
possible order, and that this would give no less than 
5040 combinations. I did not, however, suppose that 
I l]ad attained to mathematical accuracy, or shown the 
esact degree of preference ; all I claimed to show was 
the existence, and order, of preference, and I think 
that, as in my experiments the position of the colors 
was continually being changed, the result in this respect 
would have been substantially the name. 

Dr. Miiller also observes that when a bee has been 
accustomed to come to one place for honey, she returns 
to it, and will tend to alight there whatever the color 
may be ; and he shows, by the record of his own 
experiences, that this has a considerable influence. 
This is 80. Of course, however, it applies mainly to 
bees which had been used for some time, and were 
accustomed to a particular spoL I was fully alive to 
this tendency of the bees, and neutralized it to a 
considerable extent, partly by frequently changing the 
bee, and partly by moving the glasses. While, how- 
ever, I admit that it is a factor which has to be taken 
into consideration, I do not see that it affords any 
argument against my conclusions. The tendency would 
be to weaken the effect of preference for any particular 
color, and to equalize the visits to all the glasses. This 
tenilency on the pnrt of the bees was, as my experiments 
show, overborne by the effect produced upon them 
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by the color. So far, then, from wejikeuing my oon- 
duaions, the fact, ao far as it goea, tends to strengthen 
I hem, becftuae it ahowa that notwitha landing this 
tendency the blue waa preferred, and the honey on 
colorless glass neglected. The legitimate conclueioQ 
to be drawn seems, I confesa, to me, not that my mode , 
of observation waa faulty, but THther that the pre- I 
ference of the bees for particular colors is even some- 
what greater than the niimbera would indicate. 

Next, I'r. Miiller objects that when disturbed fram ' 
one drop of honey, the beea naturally would, and that 
in his exjierimeBts they actually did, fly to the next. 
As a matter of fact, however, this did not happen in 
mine, because, to avoid tbia source of error, when I I 
removed the color I gave the bee a good shake, and so 
made hertake a flight before aetiling down again. ' 

According to ray experience, beep differ considerably 
in character, or, I should rather pei'hapa say, in humour. 
Some are much shyer and more restless than others. 
When disturbed from the flrat drop of honey, some are 
much longer before they settle on the next than othera. 
Much also, of coui'se, depends on how long the bee has 
been expeiimented on. Bees, like men, settle down to 
tlieir work. Moreover, it is no doubt true that, ceteris 
partbiis, a bee in search of honey will go to the nearest 
source. 

But, as a matter of fact, in my hundred experiments 
I had but very few cases like those quoted above from 
Dr. Miiller. This arose partly from the fact that my 
bees were frequently changed, and partly becauae, as 
already mentioned, I took care, in removing the coSor, 
to startle the bee enough to make her take a little 
flight before alighting again. Dr. Miiller says that in 
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^^1 his experiments, when the bee did not go to tho next 
^^M honey, it was when he ahook her off too vigorously. I 
^^M should rather say that in his obseryations he did not 
^^B shake the bee off vigoroasly enough. The whole 
^^M objection, however, is open to the same remark as the 
^^1 lust. Tbe bee would hare a tendency, of course, like 
^^M any one else, to go to its goal by the nearest route. 
^^V Hence I never supposed that the figures exactly indi- 
^^M cate the degree of preference. The very fact, however, 
^^B that there would naturally be a tendency on the part 
^^1 of the bees to save themselves labour by going to the 
^^H nearest honey, makes the contrast shown by my 
^^M observations all the more striking. 

^^M I have never alleged that it was possible, in the case i 

^^M of bees (or, for that matter, of men either), to get any \ 

^^ absolute and exact measure of preference for one color ' 

over another. It would be easy to suggest many con- I 

siderations which would prevent this. For inatauce, 

something would probably depend on the kind of I 

I flower the bee had been in the habit of visiting. A | 
bee which had been sucking daisies might probably 
behave very differently from oue which bad been 
frectuenting a blue flower. 
So far, however, as the conclusions which I ventureil 
to dmw are concerned, I cannot see tiiat tbey are in 
any way invalidated by the objections wliich Dr. 
MuUer has urged, which, on tbe other hand, as it seems 
to me, rather tend to strengthen my argument, 
I may perhaps be asked. If blue is the favourite / 
color of bees, and then pink, and if bees have had so | 
murh to do with the origin of flowers, how is it there { 
are so few blue and pink ones ? \ 

The explanation I believe to be that all blue flowers \ 



\j 



200 



THE C0L0B3 OF FL0WEH3, 



have descended from ancestors in which the flowers 
were red, these from others iu which they were yellow, 
while originally they were all green- — or, to speak more 
precisely, in which the leaves imraeil lately eurroonding 
the stamens and pistil were green ; that they have 
pa.«fled through stages of yellow, and generally if not 
always red, before becoming blue. 

It is, of contae, easy to see that the possesion of color 
is an advantage to flowers in rendering them more 
conspicuous, moi'e easily seen, and less readily over- 
looked, by the iusecta which fertilize them ; but it is 
not quite so clear wliy, apart from brilliancy and 
visibility at a distance, one color should be more 
advantageous than another. These experiments how- 
ever, which show that insects have their pief'erencs, 
throw some light on the subject. 

Where insects are beguiled into visits, as is the case 
especially with flies, they are obviously more likely to 
be deceived if the flowers not only, as is often the case, 
smell like decaying animal substance, but almost re- 
semble them in appearance. Hence many fly flowers 
not only emit a most offensive smell, but also are dingy 
yellow or red, olten mottled, and very closely resemble 
in color decaying meat. 

There remains another case in which allied flowers, 
and species, moreover, which are fertilized by very much 
the same insects, are yet characterized by distinct 
colors. We have, for instance, three neai'ly allied 
species of dead nettle — one white (Lamium tdhum), one 
red [Lamium maeulatum), and one yellow {Lamium 
galeobdoloti or luteum). 

Now, if we imagine the existence in a single genns 
of three separate species, similar in general habit and 
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appearance, and yet mufually infertile, it is easy to 
see tbut it would be an arlvantage to them to have 
tlieir flowera differently colored. The three species 
ol' Lamium above mentioned may be growing together, 
and }et the bees, wilhont difficulty or logs of time, cun 
distingiiisli the species from one another, and collect 
pollen and honpy without confusing them togt'tber. On 
the other hand, if they were similarly colored, the 
bees could only distinguish them with comparative 
difficulty, involving some losa of time and probably 
many mistakes. 

I have not yet alluded especially to vrhite flowers. 
They seem to stand in a somewhat special position. 
The general sequenfe, as I hare suggested, "is from 
green, through yellow and red, to blue. Flowers 
normally yellow seldom sport into red or blue ; those 
normally red often sport into yellow, but seldom into 
blue. On the other hand, flowers of almost any color 
may sport into white. White is produced by the 
absence of color, may therefore appear at any stage, 
and will be stereotyped if for any reason it should prove 
to be an advantage.* 

* The genetds of the ciilor ia a lai^ and Lntereatioe qiieation. It 
Bifty be due to varioua aauiieii, tiod ia by no meauB always owing to the 
piuBence aC a dilTureiit coloring matter, fur iuBtanoe, at ProfcaBoi 
FoBler liAB (ibierved to me, many epocics of Iiia ooouc in blue and 
yellow forma. The yollow is largely, or wholly, produced by ohroma- 
toplauta, the purple or blue to cell-sap, and if tile latter is abiect the 
ydlow becomeB appoieut. 
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CHAPTER X 

OH THE LIMITS OF VISION OP ANraAlS. ' 

Ants and Colors. 

I HAVE elsewhere " recorded a series of experiments on . 
aiits with li^ht of different wave-lengtlis, in order, if 1 
', to determine whether ants have the power of J 
distinguiahing colors. Por this purpose I utilized the 
dislike which anta, when in their neat, have for light. 
Not unnaturally, if a nest is uncovered, they think they 
are being attacked, and hasleu to cany their young 
away to a darker aud, as they suppose, a safer place. 
I satisfied myself, by hundreds of experiments, that if 
I exposed to liglit the greater part of a nest, but left 
any of it covered over, the young would certainly be 
conveyfd to the dark part. In this manner I satisfied i 
;■ that the various rays of the spectrum act oa I 
them in a different manner from tiiat in which they, I 

, affect us i for instance, that ants are specially sensitiva J 

\ to the violet rays. 

( But I was anxions to go beyond this, and to attempt I 

to determine whether, as M. Paul Bert supposed, their I 

limits of vision are the aame as ouis. We all know that 

• " Ants, Bxea, and Wtinps." 
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if a ray of white light is passed throagh a prism, it is i 
broken up into a beautiful band of colors, known aa tlie / 
spectrum. To uiir eyes this spectrum, like tlie rainbow, j 
which is, in fact, a spectrum, is bounded by red at tlje 
one end and violet at the other, the edge beiuft sharply 
marked at the red end, but less abruptly at the violetl 
But a ray of liyht contains, besides the rays visible taj 
- our eyes, otliers whioh are called, though not witW 
absolute correctness, heat-rays and chemical rays,] 
These, so far from falling within the limits of our vision,! 
extend far beyond it, the heat-rays at the red end, the \ 
chemical or ultra-violet rays at the violet end. \ 

I made a number of experiments which satisfied me '■ 
that anta are sensitive to the ultra-violet rays, which 
lie beyond the range of our vision. I was also anxious 
to see how two colors identical to our eyes, but one 
of which transmitted and the otiier intercepted the 
ultra-violet rays, wonld affect the ants. 

Mr. Wigner was good enough to prepare for me a 
solution of iodine in bisulpliide of cariion, and a second 
of indigo, carmine, and ro.-eine mixed so as to produce 
the same tint. To our eyes the two were identical both 
in color and capacity ; but of course the ultra-violet 
rays were cut off by tlie bisulphidp-of-earbon solution, 
while they were, at least for the most part, transmitted 
by the other. I placed equal amounts in flat-sided 
glass bottles, so as to have the same depth of earb 
liquid. I then laid them, as in previous experiments, 
over a nest of Formica ftisca. lu twenty observations 
the aiils went seveuteen times in all under the iodine 
and bisulphide, twice under the solution of indigo 
and carmine, while once there were some nnder each. 
These observations, therefore, show that the solutions. 
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though apparently identical to ua, appparuJ lo the antcl 
very different, and that, as before, tWy preferred t* 
rest under the liquid which iutercept*'d the ultra-violen 
rays. In two or three cases only tliey went under thej 
other boltle ; but I ought lo add that my observatioDsB 
were made in winter, when the ants were ratberj 
sluggish, I am disposed to think that in summecJ 
pprhiips these exceptional <'ases would not havol 
occurred. 

ProfesB'ir Graber, however, while admitting the! 
accuracy of my observations, has attempted to provs'l 
that the perception of the ultra-violet raya is not t 
oa.ee of sight in the ordinary acceptation of the words, I 
but is due to the general sensitivencsa of ihe skin. 

It has lung been known that some of the lower- 1 
animals which do not posaess eyes are, nevertheless^ I 
sensitive to light. HufTmeister," in his work on earth- 
worms, states that, with some eseeptious, they are j 
very sensitive to light. Darwin, perhaps, experimented [ 
with a different species (for there are many different ] 
kinds); at any rate, bis Bpecimens seemed to be less 
keenly affected, though it one was su'ldenly illumi- 
nated it dashed "like a rabbit into its burrow." He 
observed, however, that some inilividuala were more \ 
sensitive to light than others, and that the same indi- 
viduiils by no meiina always acted in the same way. 
M'ireover, if they "were employed in dragging leavt<B 
into their burrows or in eating them, and even during 
the short intervals when they rested from their wor^ j 
they eilber did not perceive the li^rbt or were reg 
leas of it."t He observes, however, that it is only the j 
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anterior extremity of the body, where the cerebral 
ganglia lie, which is affi-cted by light, and he snggesta 
that the tight may pass tlirougb the skin and acts 
directly on the nervouB centimes. 

Lacaze-Dulhiers, Haeckel, Engelmann. Graber, 
Plateau, and other naturalists have abundantly proved 
the aensitiveneBB to light of other eyeless animals. 

There has, indeed, long been a vague idea that blind 
people have some faint i)orceplion of light through the 
general surface of the skin. So far as I am aware 
there is not the slightest evidence or foundation for this 
belief; nor, indeed, has it been advocated by any com- 
petent authority. It seems d priori improbable that 
an animal with complex eyes should still retain . 
power which would be almost entirely useless. 

On the other hand, it is unquestiimable that light 
can, and often does, act directly on the nerve termi- 
nations without the intermediate operation of any 
optii'al-apparatus. 

Some of tbem might, perhaps, be open to criticism. 
The effet-t of heat may not have been always sufticiently 
guarded against. Again, it is quite true that, as Plateau 
observes "Lorsque les Myriapudes chilopodea aveugles 
ou munis d'yeux, deposes sur le bo], s'introduisent avec 
empressement dans la premiere fente qu'ils rencon- 
treiit, cet acta n'est pas determine par le si'ul be^oiQ de 
fuir la luraiere, ces animaux cherehent en meme temps 
un milieu huinide et avec lequel la plus grande partie 
de la surface de leur corps soit en contact direct." • 
But though this is no doubt true, and tiioiigh, perha|iB. 
the moisture may be some help, still, whatever be thfir 
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objpct, we can hai'dly rioubt that the absence of light is 
the principal guide. 

Professor Graber," in his interesting memoir on 
tliis sntject confirms the observations on ants and 
Daphnia.9, in which I showed that they are sen-itive to 
the ultra-violet rays, by similar observations on earth- 
worms, newts, etc It is interesting, mnreover, timt the 
species examined by him showed tliemselves, like the 
ants, specially sensitive to the blue, viul'-t, and ultra- 
violet rays. Griiber, however, states that he differs 
from me inusmuch as I attribute the sensitiveness to 
the ultra-violet rays exclusively to vision; — that it is 
" ansschlieaslich diirch die Augen vennittelt." I sm 
not, however, of that opinion as a general expression, 
though I believe it to be tiiie of ants, where the 
opacity of the chitiue reudera it unlikely tliat the light 
rauld be perceived ezrept by the mediuni of the eyes 
or ocelli. 

l\ Graber has shown in earthworms and newts, nnd 
Plateau t in certain Myriapods, tbat these animals 
perceive tbe difference between liglit and darkness by 
the general surface of the skin. But more than this, 
Graber seems to have demonstratifii tliat earthworms 
and newts distinguish not only between light of differ- 
ent intensity, but also between rays of different wave- 
lengths, preferring red to blue or green, and gieen to 
blue. He found, moreover, as I did, that they are 

I sensitive to the ultra-violet ray^. Earthworms, of 
course, have no eyes; but, thinking thi\t ihe light might 

• "FundamentBl VtrBuche ii\)or die Helligkeite nnd Fnrben Em- 
pfindlicbkEit aTigtuloaer und gebleudeter Thiere," SiU. Kait. . 
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act directly on the cephalic gatiglia, Graber decapi- 
tated a cerirtin number, aod foiiud tliat tlie light still 
acted on them in the same manner, though the difi'er- 
ences were not so marked. He also covered over the 
eyes of newts, and found that the same held go(;d with 
them. 

Heiice he concludea that tlie general surface of the 
etin is sensitive to light. These results are certainly 
curious and interesting, but even if we admit the 
absolute coiTectness of his deductions, I do not see that 
they are in opposition to those at which I had arrived. 
My main eonclasions were that auts, Daphnias, eti'.^ 
were able to perceive light of different wave-lengtha, 
and tliat their eyea were sensitive to the ultra-violqt 
rays much beyond our limits of vision. His observa- 
tions do not in any way controvert these deductions; 
indeed, the argument by which he endeavours to prove 
that the effect ia due to true lisht, and not to warmth, 
presupposes that sensations which can be felt by the 
general siirfitce of the skin, wouhl be still more vividly 
perceived by the special organs of vision. 

In connection with this subject, I may add that I do 

I not at all doubt the sensitiveness to li^ht of eyeless 
animals. In experimenting on this subject, I have 
always found that though the blind woodlice (Platy- 
arthrus), which live with the ants, have no ejes, yet if 
part of the nest be uncovered and part kept dai'k, 
they soon find their way into the shaded part. It is, 
however, easy to imagine that in nnpigmented animals, 
whose skins are more or less serai -trans parent, the 
light might act directly on tlie nervous system, even 
tliongh it could not produce anything »hich could be 
called vision. 
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Forel, in some recent experiments, varnished over 
the eyea of fifteen ants (CaitijMnotus ligniperdus) and 
put Ibem with fifteen otherm, which were left in their 
nornitil condition, in a flat box with a ghiss top and 
diviiied in the middle into two halves by a cardboard 
division, which, however, left room enoiiiih underneath 
fur the ants to pass freely from one half to the other. 
After some other experiments, in the course of which 
ouo of the varnished ants was accidentally killed, at 
1 p.m. ali the vnrnished anta and thirteen of the un- 
yamislied were in the right half of the box, and two 
nnvariiished in the left. He then placed over the 
whole box two flat bottles containing water to inter- 
cept heat-rays — over the right half a piece of cobalt 
(violet) ghisB ; and over the left, a flat bottle containing 
a Bolution of escnline, which ia quite transparent, but 
cuts off the ultra-violet rays. At 1.55 the result waa 
as follows : — 



The esculine and cobalt were then transposed. 
2,3 the position was — 



^ 



I 



The esculine and cobalt were again transposed, and 
me normal ant was accidentally wounded and removed. 
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The esculine and cobalt were once more transposed, 
and at 3.13 there were — ' 



Thus the number of ants which followed the esculine 
and moved from one half of tlie box to the other at 
each transposition of the esculine aud cobalt, was as 
follows : — 

VomWitd. Nnnjul. 
Firatchaugo S II 



And the number remaining under the cobalt i 
esculine respectively was — 



Firat eiperimi 

Third 
Fourth ., 



These experiments clearly showed that, while the 
normal ants moved from side to side so as to be under 
the esculine and consequently protected from the ultra- 
violet rays, those in which the eyes had been varnished 
remained unaffected by the transposition of the esculine 
and the cobalt, showing that the difference was per- 
ceived, not by the general suiface of the skin, but by 
the eyes, and that when these were covered the ants 
were unaffected by the change, 
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It might be suggested tbat possibly the ants had 
been injured or stupefied bytbe VJirnisbing. M. Forel 
accordingly, on the following day at 8 a.ni., jilaced oyer 
one half of tlie box a layer of "ater six uentimetres 
deep, and on tlie other a piece of red glass, which, 
while intercepting some of tlie liiiht, allows almost all 
the heat to pass ihrougli. At 9.25 there were — 



Here, it seems that the ants which could see pre- 
ferred the shade, even though they were rather too 
warm; while the hoodwinked anta went under the 
cool water. 

This indicated that the varnished ants remained 
sensitive to heat, thoiigli not to light. Indeed, Forel 
states that they wer« just as lively, just as sunsitive to 
currents of air, as tlie normal aiils,* 

These experiments, then, entirely confirm those I 
had made. "C'est une confirmation entiere," says 
Forel, "des resultats de Lubbock f " and he sums op as 
follows : — The anta " paraisseat percevoir I'tiltra-violet 
principalement avec leurs yeux, c'est-a-dire qu'ellea le 
Toient, car lorsique leurs yeux sont vends eilea' s'y 
montrent presqne inliffercntes ; elles ne r^iigisaent 
alors netteinent qii'a ime lumiere solaire directe on 
moina I'urie. Lea experiences ci-ilessua semblent in- 
diquer que les seMsations dermatoptiques sont plus 
faibles ch^ les fuurmis que chez lea animaux <^udi& 
par Graber." 

From these and other experiments M. Forel o-omes 
•J,fw. <:i(., p. 167. t md., p. 174 
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to the same cnnclusion as I did, that the ants perceive 
the ultra-violet raya wilh their eyes, and not as suggested 
by Gralier, by the skin generally. It is very gratifying 
tliat my experiments and concliiBions should thus be 
entirely confirmed by an observer so careful and so 
experienced as M. Forel. 




Experiments with Daphnias. 

The late M. Paul Bert matle some very interesting 
experiments on a small fresh-water crustacean belong- 
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iDg to tlie geniiB Daplma (Fig. 118), from which he 
concludes that they percf ive nil the colors known to w, 
being, however, esp^cinlly sensitive to the yelluw and 
green, and tliat their limits of vision are the same aBonrs. 

Nay, he even goes further than this, and feeU justi- 
fied in conchiding, from the esperifnce of two species 
— Man and Da|)hnia — that the limits of vision would 
be the same in all cases. 

His words are — 

1. "TouB les aiiimaux voient les rayons spec-traux 
qne nous voyous," 

2. " lis ne vcient aucun de ceus que nous ne voyons 
pas." 

3. " Duns I'etendue de la region visible, les differences 
entre les jouvoirs eclairants des diff^rents rayons 
color^s sunt li'S memes pour eiix et pour nous." 

He also adds, "Puisque les limites de visibility 
semblent etre les memes ponr les animaus et pour 
nous, ne trouvona-noua pas 1^ une raison de plus pour 
supposer que le r6le des milieux de I'ceil est tout a I'ait 
secondaire, et que la visibilite tient a I'impression- 
nahilit^ de I'appareil nerveux lui-m^ine?" 

These generalizations woidd seem to rest on a very 
narrow foundstion. I have already attempted to show 
that the conclusion does not appear to hold good in the 
case of ants ; and I determined, therefore) to muke some 
experiments myself on Daphniaa, the results of which 
are here embodied. • 

Professor Uewar was kind enough to arrange forme, at 
the Eoyal Institution, a spectrum, which, hy means of a 
mirror, was thrown on to the floor. I then placed some 

• These oljaemitiona were publiahorl in the Juarnal nf the lArmean 
SucMy (or 18B1. 
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DapLniaa in a shallow wooden trough fourteen inches 
by four inches, and divided by cross partitions of ^lasa 
into divisions, 8o that I could isolate the jiarts illumi- 
nated by the different coloured rays. The two ends of 
the trough extended somewhat beyond the visible 
apectrum. I then placed fifty specimens of Daphnia 
pvlex ill the trough, removiug the glass partitions so 
that they could circulate freely from one end of the 
trough to the other. Then, after Bcattering them 
equally through the water, I exposed them to the 
light for ten minutes, after which I inserted the gloss 
partitions, and then conuted the Daphnius in each 
, division. The results were as follows : — 



I may add that the blue and violet divisions were 
naturally longer than the red and green. 

May 25. — Tried ag^in the same arrangement, but 
separating the yellow, and giving the Daphiiiaa the 
choice between redj yellow, green, blue, violet, and 
dark : — 

nu^k. VlclM. Bine. Green. Yellew. Bed. 

Eip. i 



EXPERlMENTa. 



Of course, it must b© remembered ihat the yellow band 
is mufli narrower tban tbe green. 1 reckoned as yellow 
ft width of three-quarters of au inch, and the wiJth of 
the green two inches. 




M. Paul Bert obBervea (loc. «(.) that in his experiments 
the Daphnias fwUowed exactly the brilliance of the 
light. It will be observed, huwever, that in my expe- 
riments thia was not tbe case, as there were more 
Paphuias in pniporfion, as well as absolutely, in the 
green, although the yellow ia the brightest portion of 
tbe spectrum. In fact, they follow the light up to a 
certain brightness ; but, as will be seen presenlly, they 
do not like direct sunshine. 

I then arranged the tiMugh so that the yellow fell in 
the middle of one of the divisions. The result was — 



May 18. — In order to test the limits of vision at the 
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red eml of t!ie spectriim, I iised the same arracgement 
aa betbi'e, placing the trough so that the extreme 
division was in the ultra-red, and llie second in the red. 
I then placed sixty Daphniaa in the ultra-red. After 
five minutea' exposure, I counted them. There were in 
the— 



I now gave them four divisions to select from — dark, 
red, ultra-red, and dark aguin. The numbers were — 



I then shut them off from all the colors excepting 
red, giving them only the option between red and 
ultra- red : — 



I then left them access to & division on the other side 
of ihe red, which, however, I ditrlcened by interposing a 
piece of wood. This eoahled me better to couipare the 
ultra-red ruya with a really dai'k space ;— 

Rsrk, Rpd, Ultra-roil. 
Eip.1 4 i■^ 3 



Tiiese observations apiiear to indicate that their 
limits of vision at the ted end of the Hpcctrum coincide 
approximately with ours. 

I then proceeded to examine their behavioar with 
reference to the other end of the spectrum. 

In the first place, I shut them off from all tlie rays 
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except the bine, vio!et, and ultra-violet. 
was as follows : — 

NciiBEB or Dafskias. 



17 



122 



le result 

I 



This shows that they greatly prefer bine and violet to 
darknpsa or ultra-violet. 

I afterwards gave Ihem only the option of nltra-violfl 
violet, and darkness : — 

Cltra-vldlM. Vtolrt. Dwfc ' 
Esp. 1 8 i 



I 



They preferred the violet; but there were many 
more in the ultra-violet than in the dark. 

I then tried ultra-violet and dark. The width of the 
violet was two inches; and 1 divided the ultra-violet 
portion again into divisions each of two inches, whici 
we may call ultra-violet, further ultra-violet, and still 
further ultm-violet. The I'esults were— 




I 
I 
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In this case tte preFei-ence fur ultra-violet over dark 
was very marked. 

May 18. — I again tried them with the ultra-violet 
raya, ijsing three divisions — namely, further uitra- violet, 
ultra-violet, and dark. The numbers were as followB, 
viz. under the — 



To my eye there was no perceptible difference be- 
tween the further ultra-violet and the ultra-violet 
portion ; but slightly undiffused light reached the two 
extreme divisions. It may be asked why the still 
furtlier ultra-violet division should have been entirely 
deserted, while in each case two or three Daphnias were 
in the darkened one. This, I doubt not, was due to the 
fact that, the darkened division being next to the ultra- 
violet, one or two in each case straggled into it. 

Not satisfied with this, I tried another teat. There are 
some licfiiids which, though transparent to the rays 
we see, are quite opaque to the ultra-violet raye. 
Bieulphide of carbon, for instance, is quite colourless 
and transparent : it looks just like water, but it entirely 
cuts off the ultra-violet rays. If, then, we place the 
trough containing Daphnias, as I had previously done 
my nest of ants, in the ultra-violet part of the spectrum, 
and then place over one half of it a flat bottle contain- 
ing water, and over the other half a similar bottle con- 
taining bisulphide of carbon, both halves will seem 
equally dark to us, but the ultra-violet rays reach one 
half of the vessel, while they are cut off from the other. 
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To our eyes both, as I any, are equally dark, and so they 
wiiulJ be to the Daphnias it' th<-ir fimita of Ti'sion were 
the same aa ours. As a matter of fuct, however, the 
Daphiiias all collected in the part of the trough under 
the water, and avoided that under the hisulpbide of car- 
bon, shiiwiiig tbiit this, therefore, was to them darker 
than the other. I varied the experiments in eeveral 
ways, but always with similai' results. Bichromate of 
[Kitaah is also impervious to the ultra-violet rays, and 
hod the same effuut. 

Not satisfied with tliis, I tried to test it in another 
way. 

I took a cell, in nhioh I placed a layer of five-per- 
cent. Eolutiou of cbromate of potash less than an ei-^htli 
of an inch in depth, and which, though almost colourless 
to our eyes, completely cut ofl'the ultra-violet rays. I 
tlieu turned my trough at right augles, so that 1 could 
cover one side of the ultra-violft portion of the spectrum 
with the chromate and leave the otUtr exposed. The 
numbers were as follows : — 



Exp. 1 5 ... 55 

I now covered up the other siJe. 

Eip. 2 3 ... 57 

Again covered up tlie same side as at first. 

Eip.3 1 ... 56 

Again covered up the other side, 

Eip,4 it ,,. 57 

May 19. — I again tried the same arrangement, i 
duciug the chromate of potash to a mere film, which, 
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towever, still cut off tho ulti'a- violet rays. I then placed 
it, as beftire, over one half of tlie ultra-violet portion of 
t!ie spectrum ; and over the other half I placed a similar 



cell coDtainiog water. Between eacli 
reversed the position of tlie two cdla. 
1 weie — 



experiment I 
The numbers 



I 



i 



ETidently, then, even a film of chromate of potaah 
exercises a very considerable influence ; and, indetd, I 
doubt not that, if a longer time Lad been allowed, the 
difference would have been even greater. 

It seems clear, therefore, that a five-per cent, solution 
of chromate of potuah only one-eighth of an inch in 
tliickneas, which cuts off the ultra-violet rays, though 
absolutely transparent to our ejes, is by no meiina so to 
the Daphnias. 

Thete observations seem to prove, though I differ \ 
with great reluotance from so eminent an authority as 
M. Paul Bert, that the limits of vision of Dftphniaa do 
not, at the violet end of tlie spectrum, coint-ide with 
ours, but that the Daphiiia, like the ant, is affected by 
the ultra-violet raya. 

Since these observations were publi^fhed, M, Merej- \ 
towski has ex[ierimented on the subj-'ct, and come 
to the conclusion that the Daphuias are attracted 
wherever there ia most light, that ihey are conscious 
only of the intensity of the light, ami that they have no 
power of distioguiahing colors. It is no doubt true 
tliat in ordinary diffiiaed daylight the Daphnias generally 
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congregate whererer the light is strongest. Their e 
are, however, bo delicate thiit one wr^nld naturally expi 
d priori, that there would be a limit to this ; and, in 
fact, direct stmshiae i& somewhat too stiong for their 
comfort. 

For instance, I toot a porcelain trough, seven and a 
half inches long, two and a half broad, and one deep, and 
pnt in it some water containing Shy Baphuiiis. One 
iialf I exposed to direct sunlight, and the other I sbadei3, 
counting the D^phnias from time to time, and trans- 
posing the esposej and shaded halves. The numhen 
were as follows: — 



w? 



This seems oUarly to show that they avoid the 
sunlight. 

I believe, then, that in some of my previous experi- 
meuts the yellow light was too briUiant for them ; and 
the following experiments seem to show that, when 
sufBoiently diffused, they prefer yeliow to white light. 

M. Merejkortsky, however, denies to the crustaces 
any sense of f:olor whatever. His experiments were 
itiade with larvae of Balanua and with a luarine cope- 
pod, Dias longiremis. I'hese, if I un<ieLBtand him 
correctly, have given identical results. He considers 



I 
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that tbey perceive all tlie luminous tays, and can dis- 
tinguish very slight differences of intensity ; but that 
they do not distinguish between different colors. He 
sums up his observations as follows : — 

" II resulte de ces expei'iences que ce qui agit sur les 
Crustacea, ce n'est point la qualite de la lumiere, o'sHt 
exclusivement sa quantity. Aiitrement dit, ]es Crus- 
taces inf^rieurs ont la perception de touto onde lienii- 
neuse et de toutea lea di£F6rence3, merae tro5 ligeres, dans 
son intensite; mais lis ne sont point capables de dis- 
tinguer la nature des ondea, de differentes couleurs. lis 
distinguent ties bien I'intensite dea vibrations 6thereos, 
leur amplitude, luais point leur nombre. II y a done, 
dans le mode de perception de la lumiere, une grande 
difference eiitre les Crustaces inferieurs et I'llomme, et 
ineme entre eux et lea Fourmis; tandis que nona 
Toyons lea differentes couleurs et leurs differentea 
intensitea, lea Crustac&t inierieura ne voient qu'une 
seule couleur dans aes differentea variations d'interiaite. 
Noua poroevons dea conleurs comme couleurs; ila ne 
lea perfoient que comme lumiere." " 

It is by no means easy to decide auch a question 
absolutely ; but the subject is of much interest, and 
accordiDgly I made some further experiments, aa it did 
not seem to me that tliose of M. Blerejbowsky bore out 
the conclusion lie has deduced from them. 

Professor Dewar most kindly arranged the apparatus 
for me again. He prepared a normal diffraction-spec- 
trum, produced by a Ilutherfurd grating with 17,000 
lines to the inch ; the spectrum of the first order was 
thrown on tlie trinigh. lu this case the distribuljon of 

• M. C. Mernjkowslsy, " X-b9 CriiBtacefl infiirieurs diatinguent-ilB lea 
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laminons intenKity has been shown to be nDiform on 
each side of the line having the mean wave-length, i.a 
n little above the liue U in the yelluMish green of the 
Epectrnni. 

I thpn took a long shallow trough in which were 
a number of Daphniue, and plactd it so that the 
(■outre of the trough was at the brightest part of 
the spectrum, a little, however, if anything, towards 
the green end. After scattering the Duphnias eqnably 
I lift them for live minutes, auil then put a piece of 
blackened curdboaid over the brightest jiart. After 
five minutes more, there were at the green end, 410; 
in the dark, 14; at the red end, 76, Here the two 
ends of the trough were equally illuminated; but 
the preference for tlie green over the red side was very 
marked. 

I then took five porcidain vessels, seven and a half 
inches long, two and a half broad, and one deep, and 
in each I put water containing fifty Daphnias. One 
half of the water I left uncovered; the other half I 
covered respectively with an opaque porcelain plate, a 
Boliition of aurine (blight yellow), of chlorate of copper 
(bright green), a piece of red glass, and a piece of blue 
glass. Every half-hour I counted the Daphnias in 
each half of every vessel, and then transposed the 
coveriogs, so that the half which had been covered was 
left exposed, and vice versa. I also changed the Daph- 
nias from time to time, 
_ Here, then, in each case the Daphnias had a choice 

K between two kinds of ligbt. It Bk emed to me that this 
H would be a crucial test, because in every case the 
H colored media ai>t by cutting o5f cei-tain niys. Thua 
H the aurine owes its yellow color to the fact that it cuts 
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off tbe Tiolet and blue raya. The light lenenth it eon- 
tains no more yellow mys than elsewhere; but those 
rays produce the impression of yellow, because the 
yellow is not neutralized by the violet and blue. In 
eitch case, therefore, there wus lusa light in the covered 
than in the uncovered part. 

After every five experiments I added up the number 
of the Dapbnias; and the following table gives twenty 
Buch totals, each containing the result of five observa- 
tions, making in all one hundred. 

My reason for adding one vessel in which one half 
had an opaque cover was to mett the objection that 
possibly the light might have been too strong for the 
Daplinias ; so that whi-n they went under the sheltered 
part they did so, not for color, but for shade. I was 
not very sanguine as to the result of this ari'angement, 
because I had expected that the preference of the 
Daphnias for light would overcome tUeir attaclimeut to 
yi-llow. 

The numbers were as in the following table (p. 2241. 

The result was very marked. The first two columns 
show the usual preference for light. If the covered 
half had been quite dark, no doubt the difference in 
numbers would have been greater ; but a good deal of 
light found its way into the covered half. Still the 
result clearly shows that the Daphnias preferred the 
lighter half. The numbers were 204S in the dark to 
2952 in the light; and it will be seen that tho preference 
for the light ivas shown, though in different degrees, ill 
almost every series. 

The result in the blue gives, I think, no evidence as 
to color-sense. The numbers were respectively 204ti 
against 2954, and were therefore practically the same 
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as in the precediDg set. Since, however, a certain 
quantity of light waa transmitted through the hlue, the 
result may iutlicute a naut of sensitivenesd to the blue 
rays. 

In the red the mimbera were 1928 hs against 3072. 

As regards the yellow, the results were very different, 
the numbers being, under the yellow, 3U96; in the 
uncovered part, 1904. Here, therefore, we see a very 
distinct preference, all the more remarkable because 
the amount of light was really less than in the un- 
covered part. 

In the green the nnmbera were mui'h more equal, 
namely, 2406 against 2594. Here also the love for p;reen 
neutralized the preference for light I do not, however, 
wish for the moment to draw any conclusion from these 
last figures, though I give them for n hat they are worth. 
The coloured medium was, I believe, somewhat too 
opaque. With a more transparent green, as will be 
seen subsequently, the result would have been veiy 
different. 

At any I'ate, the above observations seemed to show a 
marked preference for yellow. Still, I thought it might 
be objected that, tliough the Daphnias obviously pre- 
ferred the uncovered to the shaded half of the vessel, 
and the yellow to the uncovered half of the vessel, 
perhaps in the former the uncovered water was rather 
too bright, and in the latter the shaded part was rather 
too durk, and that after all the yellow was chosen, not 
because it was yellow, but because it hit off the happy 
medium of intensity. The suggestion is very improb- 
able, because the observations were made on several 
successive, and very different, days, and at very 
different hours. I also thought that the green waa 
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perlmps too dark ; I took, therefore, a lighter tint, and 
rearranged my little apparatus as follows: — 

I placed (Slarch 26) tifly Ibplinias in a trough (1), 
fovering over one half of it wiih a pale green, and 
another fifty in a trough (2) half of which was covered _' 
with yellow (aurine). On one side was a similar tronghi 
(3), one end of which was phaded by a porcelain platej:' 
and on the olher side a fourth trough (4), one end * 
which had a little, thmigh but little, extra light throw 
f-n it by means of a nairror. As beforf, I counted tha 
Daphnias from time to time, and turned the Ir.mghs 
round. All four were in a light room, hut not actually 
in direct sunshine. Thus, then, in one trough I had 
half the water in somewhat preen light; in the second ' 
trough, half the water in yellow light ; in the tbirdjl 
one half was exposed and the other Bl^mewllat darkened t\ 
while the fourth, on the contrary, gave me a contrast I 
with somewhat more vivid Hght. If, then, the- 1 
Daphnias went under the green and yeiluw glass, noi J 
on account of the color, but for the enke of shad^ 
then in trough 3 a majority of them would have gow 
under the porcelain plate. On the other hand, if tin 
porcelain plate darkened the water too much, and yet-l 
the open water was r.ither too light for the Daphnias, I 
then in the fourth trough they would, of course, have j 
avoided the illuminated half. Tiie results show that. I 
the third trough was unnecessary, still, I may as well 1 
give the figures; the fourth proves that the DaphniavJ 
preferred a light somewhat brighter than the ordinal^ 
diffused light of the room. Of course, it does not folloi 
that the elfect of color is the same as with ub. 
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TKOuaH 1. 


Tbough 2. 


Trouoh 3. 


Though 4. 




Green 


White 


Yellow 


White 
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Darkened 


Illumi- 
nated 
half. 
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light. 


light. 


light. 


light. 


half. 


half. 
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Total ... 


622 


378 


028 


372 


630 


370 


599 


401 



It may be said that perhaps in the previous 
experiments the red and blue were too dark. I 
therefore took a very pale solution, and counted the 
number twenty times for the red and ten for the blue, 
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placing the yellow in another trongh, as before, for 
oompariaDQ. The preference for the yellow was aa 
marked as eyer. In the experiments with the red and 
yellow the numbers were re^pectivfiy 



When, tlicreforo, the rod solution was sufiRciently 
light, the Daphniaa were indifferent to it. In the 
experiments with liyht blue the numbers "ere — 



One other possible objei-tion al>o surrgcsted itself to 
me. I thought it might be snid tha,t the Daphnias 
went under the yellow and the green not on account of 
any preference for yellow or green light, but on account 
of the shelter afforded by the covering. To test this, 
I covered one half of a trough over with transparent 
glass, leaving the other uncovered; bnt after twenty 
observations I found the number of Dajihniae in each 
half to be practically identical. The mere fact of the 
covering, therefore, made no difference. In this way I 
was able to test tlie preference of the Uapfinias for 
various colours, and the result made it abundantly clear 
thatDaphnias have the power of dtstingnishing between 
light of different wave-lentrtha, and that they prefer 
the light which we call yellow and green. Whether it 
tctually appears to them as it dies to us is, of course'. 
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anotiier and a more difficult question — one, moreover, 
not yet solved even for the higiier animala. Nor would 
I necessarily claim for them any Eesthntic sense of 
beauty; it must be remembered that tliey feed on 
minute algie and other minute vegetables, the prevalent 
colors of which are yellow, yellowish green, and green. 
There is, therefore, nothing improbable, a priori, but 
rather the reverse, in their preference I'or these colore. 

It will be obsei'ved that though in these vess^els the 
Daphniaa made their preference uniniatakable, there 
were always a certain number in the lea*t popular 
part. This is natatal, because, aa tbe position of the 
light half was reversed every observation, the Daphnias 
had to swim across the vessel, and some naturally did 
not find their way to the favourite part. Then, again, 
in any considerable numbers of Daphnias some are 
changing, or have recently changed, their skin, and 
are, therefore, more or leas inactive. Moreover, in pure 
water the desire for food must often overpower any 
pR'fereuce for one colour over another. To such causes 
as tliese we must, I think, attribute the presence of ao 
many Daphniaa in the first vessel at the opaque end, and 
in the setond in the uncovered part. 

Still, it was of course not impossible that the pre- 
sence, for instance, of a certain number utnler the red 
and blue was due to a difference of taste; that, tiiough 
the majority preferred yoUow, there miglit be some 
preferring blue or red. To test lhis I tried the follow- 
ing experiment. I placeJ, as before, fifty Dapbnias iu 
tliree of tlie vessels, covering one half of one wiih the 
yellow, of a second with blue, aud the third with red. 
I then from time to time, at intervals of not le>i8 than 
half au hour, removed the^e vvliich were in the un- 
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covered |>art ami replaced them with an equal Bumber 
of freali ones. If, then, some Daphnias preferred red or 
blue, I ought, tima to eliminate the others, and gradually 
to get together fifty agreeing in this tnste. This, how- 
ever, was not tlie case. In the fii-at experiment, an hour 
after the Daphnias nere placed in the vessels there 
were, out of 50, 41 under the yellow, 16 under the red, 
and 15 under the blue, the remaining 9, 34, and 35 
n^spectively Ix'iiig in the uncovered portions. These, 
then, 1 removoil and replaci^d by otheri After doing 
t\ns five times, and thus adding 80 in the yellow division, 
187 in the red, and 209 in the hlue, the numbers were 37 
under the yellow, 15 under the red. and 6 under the blue. 

In the second experiment, the numbers after the 
first hour were 32 under the yellow, 10 under the red, 
and 11 under the blue. Al't-r five observations, during 
which 86 were added to the yellow division, 188 to the 
red, and 180 to the bine, the numbers were — under the 
yellow, 35 ; red, 11 ; blue, 15. 

In the third experiment, tlie numbers after half an 
hour were 40 under the yellow, 14 nnder the red, and 8 
under the blue. After five observations, during which 
73 were added to tbe yellow, 1S6 to the red, and 206 
.to tlie blue, there were — ^under the yellow, 43 ; under 
the red, 15 ; and under the blue, 7. 

In the fourth experiment, the numbers after half an 
liour were 38 under the yellow, 15 under the red, and 
14 under the blue. After six observations, during 
which 89 were added to the yellow, 166 to the red, and 
176 to the blue, the numbers were — under the yellow, 
30; under the red, 19 ; and uuder the blue, 10. 

In the fifth experiment, the numbers after half an 
hour were 40 under tiie yellow, 14 under the red, iind 
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13 under the blue. After seven ob'iervatiota, during 
whit;h 86 were added to the yellow, 263 to tlie red, and 
272 to the blue, the nunibera were — under the yellow, 
38 ; under the red, 13 ; and under the blue, 15. 



I conclude, then, that the presence of some of the 
Daphnias in the red, blue, and violet is more or less due 
to the causes above imlicated, and not to any individual 
preference for those colore. 

My experiments, I think, show that, while the Daph- 
nias prefer light to dftrhness, there is a certain maxi- 
mum of brilliancy beyond which the liL;ht becomes 
inconveniently bright to Ihem, and that they can 
distinguish between light of different wave-lengths. 
I suppose it would be impossible to prove Ihat they 
actually perceive colours ; but to sugg- at that the rays 
of various wave-lengths proHuce on their eyes a different 
impression, from thut of culur, is to propose an entirely 
novel hypothesis. 

At any rate, 1 think I have shown that theiy do 
distinguish between rays of different wave-lengths, and 
prefer those which to oui eyes appear green and yellow. 



OHAPTEtt XI. 

OS RECOGNITION AMONG ANTB. 

Ddbino tlie many yeara tliat I have hnd ants under 
obaerviition, I bave never on any occitsion seen any- 
thing like a quarrel between any two ants belonging 
to the same cnmmnnity. This ia rertninly very much. 
to tlieir cieflit. The experit-neo of Huber, Forel, 
McCook, and others w!io have wa"ched ants, 
moreover, tlie same as mine. I bave also sltown" that 
they reco<fiiize one another even after a Beparation of, 
a year anrl nine months. 

On the other band, every community of ants is hostile 
to every otlier. I am not now speaking of ants bebnig- 
ing to diff.rent kinds, but of ants belonging to the same 
species. Some species, indeed, are more intolerant of 
stranger a than others; but, as regards m^st spei-ies of 
ants, it may be said that if an individual be taken from 
its own nest and introduced into another, even though 
belonging to the same species, it n ill be at once attucked' 
and driven, or rwther dragged, out. 

These facts, then, show tliat ihc anta of a commnnity 
all recognize one another. But when we consider tlie 
immense number of anta in a nest, amounting in some 
lases to over 500,000, Ibis is iiideed a wonderful fact, 



■ See " AiitB, Bees, and ■Waaps." 
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aa in the preceding set. Since, however, a certain 
quantity of light was transmitted through the blue, the 
result may iudicdte a «aiit of sensitiveneB:) to the blue 
rays. 

In the red the numbers were 1928 as against 3(J72. 

As regards the yellow, the results were very different, 
the numbers beinp;, under the yeilow, 3096; in the 
uncovered part, 1904, Here, therefure, we see a very 
distinct preferedce, all the more remarkable because 
the amount of light was really less than in the un- 
covered part. 

In the green the numbers were much more eq^ual, 
namely, 2406 against 2591. Here also the love for green 
neutralized the preference for light. I do not, however, 
wish for the moment to draw any eonelufiion from these 
last figures, though I give thera for what they are worth. 
The coloured medium was, I believe, somewhat too 
opaque. With a more transparent green, as will be 
seen subsequently, the result would have been very 
different. 

At any rate, the above observations seemed to show a 
marked ptefereuce for yellow. Still, I thought it might 
be objected that, though the Daphnias obviously pre- 
ferred the uncovered to the shaded half of the vessel, 
and the yellow to the uncovered half of the vessel, 

I perhaps in the former the uncovered water was rather 
too bright, and in the latter the shaded part was rather 
too diirk, and that after all the yellow was chosen, not 
because it was yellow, but because it hit off the happy 
medium of intensity. The suggestion is very improb- 
able, because the observations were made on several 
successive, and very different, days, and at very 
different hours. I also thought that the green was 
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perliapa too dark ; I took, thcrpfore, a lighter tint, an j 
reavranged my little apjiaratiis as follows : — 

I placed (March 26) fifty Daphnfaa in a trough (1),! 
covering over one haif of it with a pale green, and; 
atiotlier fifty in a trough (2) half of which was covered 
with yellow (aurine). On one side was a similar trough 
(3), one end of which was shaded by a porct- lain phite 
and on the other side a fourth trough (4), one end 
which had a little, though but little, exira light tbrowai 
on it by means of a mirror. As before, I counted the 
Daphnias from time to timi", and turned the tr.nighs 
round. All four were in a light room, but not actually 
in direct sunshine. Thus, then, in one trough I had 
half the water in somewhat preen light ; in the second 
troQgh, half the water in yellow light; in the third, 
one half was exposed and the other siimewhat darkened ; 
while the fourth, on the contrary, gave me a contrast 
with somewhat more vivid light. If, then, the 
Daphnias went under the green aud yellow glass, not 
on account of the color, but for the sake of shade, 
then in trough 3 a majority of them would have gons 
under the porcelain plate. On the other band, if the 
porcelain plate darkened the water too much, and yet 
the open nater was rather too light for the Daphnias, 
then in the fourth trough they would, of course, hare 
avoided the illuminated half. The results show that 
the third trough was unnecessary, still, I may as well 
give the figures ; the fourth proves that the Daphnias 
preferred a light somewhat brighter than the ordinary 
diffused light of the room. Of course, it does not follow 
that the effect of color is the same as with us. 
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13 


29 


21 


10.30 ... 


30 


14 


34 


16 


20 


30 


26 


24 




135 


115 


145 


105 


150 


100 


146 


104 


Total ... 


622 


378 


028 


372 


630 


370 


599 


401 



It may be said that perhaps in the previous 
experiments the red and blue were too dark. I 
therefore took a very pale solution, and counted the 
number twenty times for the red and ten for the blue, 



228 



EVIDENCE THAT DAPHNIA3 



plrtciug the yellow in aaotlier trough, aa before, for 

oomparisun. The preference for the yellow was aa 
marked as ever. In the experiments with the red and 
yellow the numbers were retpectivfly 



When, therefore, the red solution was sufficiently I 
light, the Daphnias were inditferent to it In the | 

experiments with light blue the numbers were — 



One other possilile objei.'tion al^o sufrgfated itself to I 
me. I thought it miglit be si-id that the Daphnias 
went under the yellow and the green not on account of 
any preference for yellow or green light, bnt on account 
of the shelter afforded by tlie eoyeriiig. To test this, 
I covered one half of a trough over with transparent i 
glass, leaving the other uncovered; but alter twenty ' 
observations I fimnd the number of Dajihuias in each j 
half to be practically identical. The mere fact of the 
covering, therefore, made no difference. In this way I 
was able to teat tlie preference of the Daphnias for J 
varions colours, and the result made it abnndantly clear i 
that Daphnias have the power cf distinguishing between ' 
light of different wave-Ienfftha, and that they prefer ] 
the light which we call yellow and green. Whether it I 
aiitually appears to them as it dLes to us is, of course; J 
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another and a more difficult questions-one, moreoyer, 
not yet solved even for the higher animals. Nor would 
I necessarily claim for them any Eesthetio sense of 
beauty; it must be remembered that they feed on 
minute algeeandother minute vegetables, the prevalent 
colors of wiiich are yellow, yellowish green, and green. 
There is, therefore, nothiog improbable, a priori, but 
rather the reverse, in their preference I'or these colors. 

It will he observed that though in tliese vessels the 
Daphnias made their preference unmistakable, there 
were always a certain number in the least popular 
part. This is natural, because, as the position of the 
light half was reversed every observation, the Daphnias 
had to swim across the vessel, and some naturally did 
not find their way to the favourite part. Then, again, 
in any considerable numbers of Daphnias some are 
changing, or have recently changed, their skin, and 
are, therefore, more or less inactive. Moreover, in pure 
water the desire for food must often overpower any 
preference for one colour over another. To such causes 
as these we must, 1 think, attribute the presence of so 
many Daphnias in the first vessel at the opaque end, and 
in the second in the uncovered part. 

Still, it was of course not impossible that the pre- 
sence, for instance, of a certain number under the red 
and blue was due to a difference of taste ; that, though 
tlie majority preferred yellow, there miglit be some 
preferririg blue or red. To test this I tried the follow- 
ing experiment. I placed, as before, fifty Daphnias iu 
tiiree of the vessels, covering one half of one with the 
yellow, of a second with blue, aud the third with red. 
I then from time to time, at intervals of not less than 
half an hour, removed the^e which were in the un- 
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covered part and replaced them with an equal number 
of fresh ones. If, then, some Drtphnias prefeiTed red or 
blue, I ought thus to eliminate the others, aud gradually 
to get together fifty agreeing iu this taste. This, how- 
ever, was not the case. In the firat experiment, an hour 
after the D^iphnias were placed iu the vessels there 
were, out of 50, 41 under the yellow, 16 under the red, ■ 
and 15 under the blue, the remaining 9, 34, and 35 
respectively being in the uncovered porlious. These, 
then, I removed and replaced by others. After doing , 
this five times, and thus adding 80 in the yellow division, 
18? in the red, and 209 in the blue, the numbLTS were 37 
under the yellow, 15 under the tlcI, and 6 under the blue. 

In the second experiment, the numbers after the 
first hour were 32 under the yellow, 10 under the red, 
and 11 under the blue. Aft-r five observations, during ^ 
which 86 were added to the yellow divi^on, 188 to the 
red, aud 180 to the blue, the numbers were — under the 
yellow, 35; red, 11 ; blue, 15. 

In the third experiment, tlie numbers after half an I 
hour were 40 uadt'r the yellow, 14 under the red, and 8 I 
under the blue. After five observations, during which i 
7iJ were added to the yellow, 1S6 to the red, and 200 I 
,to the blue, there were — under the yellow, 43; under J 
the red, 15 ; and under the blue, 7. 

In the fuurtb experiment, the numbers after half au ' 
hour were 38 under tlie yellow, 15 under the red, and 
14 under the blue. After six observations, during 
which 89 were added to the yellow, 166 to the red, and . 
176 to the blue, the numbers were — under the yellow,- 
30; under the red, 19 ; aud under the blue, 10. 

In the fifth experiment, the numbers after half an I 
hour were 40 under the yellow, 14 under the red, flnd j 
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13 nnder the blue. After seven obsiervations, during 
which 86 were added to the yellow, 263 to the red, and 
272 to the blue, the numbers were — under tlie yellow, 
S8 ; under the red, 13 ; and under the blue, 15. 

Tellow. Kod. Blue. 

Plrst obBervaticin. 



I conclude, then, that the presence of some of the 
Diiphnias in the red, blue, and violet ia more or less due 
to the canees above indicated, and nut to any individual 
preference for those colore. 

My experiments, I think, show that, while the Daph- 
uias prefer light to darkness, there is a certain maxi- 
mum of brilliuncy beyond which the liijht becomes 
inconveniently bright to them, and that they ca^ 
distinguish between light of different wave-lengths, 
I suppoBe it would be impossible to provn that they 
actually perceive colonrs ; hut to 8ugg< st tliat the rays 
of various wave-lengths produce osi their eyes a different 
imprcisaion from that of color, is to propose an entirely 
novel hypothesis. 

At any rate, 1 think I have shown that th^ do 
distinguisli between rays of different wave-lengths, and 
prefer those which to our eyes appear green and yellow. 



CHAPTER XI. 

ON RECOGNITION AMONG ANTS. 

DuHiNG the many years that I have hud ante under 
observation, I have never on any occasion seen any- 
thing like a quarrel between any two ants belonging 
to the same (community. This is certninly very much.. 
to their credit. The experifnce of Huber, ForeU 
McCook, and others who have wa'ched ant», 
moreover, til e same as mine. I have also shown* thi 
they recognize one another even after a separation 
a year and nine moiitha. 

On the other liand,everycoranninity of ants iahosti)! 
to every otlier. I am not now speaking of ants belong- 
ing to diffi.rent binds, hut of ants belonging to the sani* 
species. Some species, indeed, are moie intolerant 
strangers than others ; but, as regards m'^at species of 
ants, it may be said that if an individual be taken from 
its own nest and introdut/ed into annther, even thongh 
belonging tn the same species, it will be at once attacked 
and driven, or rathi-r dragged, out. 

These facts, then, show tliat the ants of a community 



ly- 
"g 

I 



all 



recogni 



another, 
mber of ants i. 



But fl 



! consider tho.J 



Ek nest, amounting in som^l 



eases to over 5OO,UO0, this is indeed a wonderful &ct. 
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Tt may be remembered that my nests have enaWe'l 
TTie to kpep ants under observation for lone; periods, and 
tliAt I liave thns identified workers of Lasitts niger and 
Formica fusca wSiich were at least seven years old, but 
my oldest ants have been two queona of Formica fusca, 
wbii?h I took in a nest in December, 1874. 'J'hey must 
(hen have been nine months old, and of ooiirse may 
have been more. One of these queens, after ailing 
for some days, died on July 30, IS87. She mn-t 
then hitve been more than thirteen years old. I wa^ 
at first afraid that tlie other one miglit be affected by 
the death of her companion. She is, however, still 
alive (May, 18&8), and, thongb a litlle stiff in the 
jnints, as far as I can judge, in her usual health. 
Still, there are only a few queens in a nesi, and no 
donbt the majority of the workers, at least in the 
summer and when the commnnity is most active, are 
very young, which adds greatly tn the difficulty of anp- 
poking that they are personally known to one another. 

It has been suggested that eiich nest bus, perhaps. 
a special s'gnal or pass-word. To teat this I took, as I 
havenlready mentioned in my book on "Ants, Bees, and 
Was|is," a number of ants, half from one nest and half 
from another, and made them very drunk, so as to be 
thorimghly insensihle. I then marked them witli spots 
of dirterent colours, so as to distinguish the two lots, 
and put them on a table near where some ania belonging 
to the nest from which one half of tliem had been 
taken, were feeding on some honey. The table was 
surrounded by a moat c(>ntiiinin<; water to I'revent the 
ante from wandering away. The sober ants were rather 
puzzled; but,after examininir the inloxicateti individuals, 
they picked np the strangers and threw them into the 
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ditch, while they carried their own friends into the 
nest, where no doubt Ihey slept off the effects of the 
spirilB. This experiment seemed to show that the 
recognition was nut effected ly meang of any sign ; 
bnt I thought the suggLstioa might be tested hx 
another way. 

I niade,therefore, the following experiment. I took a 
few specimens of Formica fusca Itoin two different nests, 
which I will call A and B, and placed them together. 
At first they were rather shy; but alter a while they 
fraternized. After they had lived amicably together 
for three months, I put two of these ants from nest A 
into neat B; but they were soon attacked vigorously 
and driven out of the nest. 1 thought it desirable to 
repeat and extend this teat. Ac<:ordingly, on June 
16 I put three spfcimens of F. fmea from my nest 
No. 81 with the same uumber from nest No. 71. Then 
on September 19, one of the six having died in the 
interval, I put the two from nest 81 into nest 71, and 
the three from nest 71 into 81. They were all attaclied, 
though not very quickly or vigorously, but eventually idl 
five were expelled. 

Again, on September 25 I took three ants from each 
of these nests and put the six together. Then on 
March 19 fallowing (one having died), I put the 
two from 71 iuto 81, and the three from 81 into 71. 
They were all attacked, so that they were evidently 
reco<;nized as strangers ; but it seemed to me that the 
attack was less vij^orous, and I could not be sure that 
they «ere eitln-r killed or driven out. In the course of 
the werk three or four dead anis uere brought out of 
each of the nests; but I c'ould not feel certain thai 
they weie tl>ose experimented with. 
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Lastly, on April 9 I again put twelve ants, six 
from each of these nesta, together, and kept theai bo 
till October. I then toi'k four of those from 71, 
put three into 81 anJ the tuurth into 71. I also took 
four of those from 81, and put three into 71, and 
tlie fouitli back into 81 among ber old friends. The 
two ants tiiua restored respectively to their old nesta 
were a,s usual recognized as friends and left quite 
unmolested. As regards the other six, the reenltawere 
as follows. Tbe ants were introduced into the nests at 
8,15 a.m. 







Nest 71. 


8.45, 


One 


was being attacked, 


9.15. 


Nont 




9,'15. 


Two 




10.15. 


One 


was !,' 


10,45. 


Ndd( 




12.30. 


Two 


were Z 


1.30. 


Two 


wero „ 


a.30. 


Outi' 


WUB „ 



I do not give these results as by any means proving 
that ants do not recognize their friends hy means of 
smelL They do seem, however, at any rate, to sbow tliat 
not even six months of close companionship under pre- 
cisely similar conditions will so far assimilate the odour 
as to lead to confusion. If the recognition is due in any 
degree to this cause, the odour is tberelore probably an 
hereditary cbaracteriatie. 

In the interesting memoir already cited. Fore! says,* 

" Labbock {loa. ctt.) a cru demontrer que les fourmis 

enleveee de leur nid a I'etat de nymphe et ecloses bora 

de chez elles etaient neanmoins reconnues par leuts 

* Seeueil Zool Suites, iSHl. 
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compagnea loi'sqii'on lee leur rendait. Dans mes 
Fourmis de la Suisse, j'avais cm demoiitrer le coiitraire. 
Voici une experience que j'ai fuUe ees joure-ci : Le 7 
Boiit, je doune des nymplies de Formica pratensie pres 
d'eclore a qiielques Formica mnguinea dans une boite. 
Le 9 aoM quelqiiea-uneH eclosent Le II aoM, au 
matin, je prends I'liue (ie yeMnesprafcnm agee de deiix 
oil trois jiMira seulemcut et je la porte a sa fourmiliere 
nntale dont elle 6tait sortie oomme nymphe seulement ' 
4 jours aiipnravant. Elle y est fort mal re^ue. Sea 
iiourricea d'll y a 4 jours Teinpoignent qui par la tete, 
qui par le thorax, qui par les pattea eu recourbant leur 
abiioDien d'un air meuafunt. Deux d'entre elles la 
tinreut lougtempa en sens inverae cliacune par une 
patte en I'ecartelant. Eaiin cependant on finit par la 
tolerer, eomme on le fuit iiusai pour da si jeunes Iburmis 
(encore blauc jaimatre) provenant de fourmilieres dit- 
iSreutes. J 'attends encore deux jours pour laisser durcir 
un pen mea nouvellea &losea. Puis j'en reporte deux 
Bur leur nid, Elles soiit violemment attuquees. L'une 
d'etles est inondee de venin, tiraillee et tuee. L'autra 
eat longtempa tiraill^s et mordue, mais finalement 
laiss^e tranquille (tuleree?). On m'objfcti'ra I'odeur 
des sanguinea qui avait vecu 4 jours aveo la premiere 
et 6 jours avec lea deux deriiieres. A cela je repondrai 
simplement par I'experience de la pnge 278 a 282 de 
mea Fourmis de la Suisse, ou des F, pratensis adultea 
separeea depuis deux moie de leura compagnes p^r une 
alliance fofee avec des F. sanguinea, alliance que j'avais 
provoquee, reconnurent immediatement leurs anciennes 
compagnes et s'allierent presque sana dispute avec elles. 
Je maintiena dono mon opinion: lea fourmis apprennejit 



Je maintiena dono monopmion: lea tourmisapprennejit ^m 

a se connaitre petit a petit a partir de leur ecloaion, ^M 
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I Se crois du resfe qTie c'est an moyen de perceptions 
olfaJDtives de contact." " 

I )iave, however^ repeated my previous observations. 
with the Biime results. 

At the beginning of August I brought in a nest of 
Lasius niger coutaining a large number of [m|JBe. 
Some of these I placed by themselves, in chiirge of three 
ants belonging to the same species, but taken from a 
nest I have had under observation for rather more than 
ten years. On August 28 1 tonk twelve of the young 
ants, which in the mean time had emerged from the sepa- 
rated pupiE, selecting some wliich had almost acquired 
their full colour. Four of them I placed in their old 
neat, and four in that from wliich their nurses were taken. 
At 4.30 in thoir owd neat none were attnoked. 
„ „ r, nyraes' iipst on? wau nttaoked, 
„ 6.0 „ own neat none ncre attacked. 
„ q r, nurses' nest all four were attacked. 
„ 8.0 „ ovn neat none vere attackoiL 
„ „ „ nuraes' neat three weii: aittacked. 

The next dny I took six more and marked them 
with a spot of paint as usnal, and at 7.30 replaced 
them in their own nest. 



At 8.0 I found 5 quite t 



; tile otliera I could ui 



k 



4.0 „ 4 „ 

7.0 H 1 „ 

9.0 „ 2 „ 
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I The next momms I could only see two, but none 
were being attacked, and tliere were no dead ones. It 
is probable that llie paiiit had been cleaned off the 
others, but it was not easy to find thi.-ni all among so 
many. At any rate, none were beiny attacked, nor had 
any been killed. 

These observations, therefure, quite confirm tho^e 
previously made, and seem to show that if pupae are 
taken from a uest, kept till they become perfect insects, 
and then replaced in tlie uest, they are recognized as 
frienda. 

As regards the mode of recognition, Mr. Me Cook 
coniiidera that it is by scent, and states that if ants aie 
more or less soaked in water, they are no longer recog- 
nized by their friends, but are attacked. He mentions 
a case in which an ant fell accidentally into some 
water: " She remained in ths liquid several moments, 
and crept out of it. Immediately she was seized in a 
hostile maimer, first by one, and then another, then by 
a tliird, the two antennas aud one leg were thus held. 
A fourth one assaulted the micldhi thorax and petiole. 
The poor little bather was thus di'agged helplessly to 
and fro for a long time, and was evidently ordained to 
death. Presently I took up the struggling heap. Two 
of the assailants kept their hold, one finally dropped; 
the other I could not tear loose, and so put the pair 
back upon the tree, leaving the doomed immersioniat 
to her hard fate." 

His attention having been called to tliif, be noticed 
several other cases, always with t'..e same result. 
have not myself been able to repeat the observal: 
with the same species, but with two at least of our 
native ants the results were exactly reversed. In one 
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case five speciraena of Lasius nitjer fell into water and 
remained immeraed for tliree liours. I tlieii took them 
out and put them into a bottle to recover themselvea. 
The following morning I allowed them to return. 
They were received us friends, and, thoagh we watched 
them from 7.30 till 1.30 every hour, there was not the 
slightest sign of hostility. The nest was, moreover, 
placed in a closed box, ho tliut if any ant were killed 
i could inevitably find the body, and no ant died. 
In this case, therefore, it is clear that the immersion 
did not prevent them from being recognized. Again, 
three specimens of Formica fmca dropped into water. 
After three hours I took them out, and, after keeping 
them by themselves for the night to recover, I put 
them back into the nest. They were unquestionably 
received as friends, without ibe Blightest sign of 
hostility or even of doubt. I do not, however, by any 
means intend to express the opinion that smell is not 
the mode by which recognition is effected. 

»It win be remembered, perhaps, that my ants (.For- 
mica /wsca) recognized one another after a separntion 
of a year and nine months, though " after some months' 
separation they were occasionally attacked, as some of 
the ants, perhaps the young ones, did not recognize 
them. Still, they were never killed ot driven out of 
the nest, ao that evidently when a mistake was made 
it was soon discovered." Hence it would appear that 
there are diiTereucea in the memory of different 
^^M species, 

^^1 la one case Fore! )iad taken some ants from a 
^^M large nest of Componotus, for the experiments on 
^^a their sensibility to the ultra-violet rays, to which I 
^^K- have already referred. After hia observations weie 
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concluded, he returned them to tha nest, some after 
eight, some after forty-oue daya. Those which were 
returned after eight days were nt once recognized, 
while as regards thosH which had been forty-one days 
away i'rom hunie. " On recniait de part el d'aiitre, se 
mena9ait dea mandibules, s'exuminait a fond avec lea 
antennas, se mordait meme. Plusieurs meme allerent 
dans leur irritation jusqu' a essayer de dec.ipiter et 
mSme a decapiter qaelques-unes de k-urs anciennea 
compagnes et s(8iirs avec leuis maudihules (c'est le 
mode de combat des Camponotus) ! Les fourmiB veniies 
prirent part a ces rises aussi bien que les non vemies ; 
je les vis meme attaquer, et elles etaient a peine 
moiua adroites. Les combats ne cesserenl entierement 
qu'au boot d'uu ou deux jours, et, a part les quelques 
viotimes du premier jour, I'iDcident se termina par line 
alliance." 

Foi'el seems to entertain no doubt thnt the reoog- 
iiiiiun is effected by a form of amell, which he terms 
" odorat au contact." He aays, " Beaucoup d'insectes 
out en outre ime sjrte d' odorat au contact que nous ne 
pOBB^doDB pas et qui permet entre autres aux fonrmis 
de distinguer leurs compdgnes de leurs ennemies." 

His observations, however, do not favour the hy- 
pothesis tliat the recognilion may be by smell. If 
the ants recognized their companions by any odour 
characteristic of the community, the lapse of thirty 
days could not have made any difference. Here the 
qnestiou of memory would not enter, because the per- 
ception of the odour would in both ca^s be contiuunUy 
before them. M. Torel is so excellent au ob-servei-, 
and has so great a knowledge of the *vays of unts, 
that hia opinion is entitlud to great weight It . 
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would be very interesting to repnat similar observations, 
for if it turn out to be the caae that separations of 
comparatively few days lead, in some species, to a 
want of recognition, it would be a strong argument 
against tlie hypotbesis that tliis recognitiuu is due to 
Bmell. 

It certainly seems as if the recognition was effected 
to a great extent by the antennre. Not only do tbe 
ants cross and recross them, almost, so to say, as two 
deaf mutes eooversing by their lingers ; but, aa M. Fovel 
has sliown, if ants of different species are brought 
together after tbe removal of their anteniise they show 
no signs of hostility. Tliat this latter statement is 
correct I am quite content to take on M. Corel's 
authority; but it is not so conclusive as might seem 
at first siglit, because in ants, as in men, " a fellow- 
feeling makes us wondrous kind," and anta when 
isolated, and especially when suffering, are much less 
pugnacious than thoy are under aormal conditions. 
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ON THE rNBTINCTB OF SOLITARY WASPS AND BEE 

The hive bee and the common waspa are so familiar ' 
and BO interesting that they have to a great extent 
diverted attention from the so-called solitary apeciea 
of the same groups. Few, for instunce, are aware that 
about 4500 species of wild bees are known, and of 
wasps 1100, of which some 170 and 16 respectively 
live in Britain. 

These insects often live in association, but do not 
form trae communities. Speaking generally, we may 
say that each female constructs a cell, every species 
having its own favourite site, sometimes underground, 
sometimes in a hollow stick, iu an empty snail-shell, 
or built against a wall, a stone, or the branch of a tree. 
Having completed her cell, the femiile stores np in it 
a sufficient supply of food, which in the case of bees 
consista of pollen and honey ; while the wasps select 
small animals, such as beetles, caterpillars, spiders, etc., 
each species generally having one kind of prey. The 
mother then lays an egg, after which she closes up 
the cell, and commences another. Having tlius pro- 
vided BufGciently for her oBspring, she generally takea 
no further heed of it. This is not, however, an invari- 
able rule : in the genua Bembsx, for instance, the 
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mother, instond of provisioning her ee1l once fur all, 
brings food to the young grub I'rom day to day. 

This, however, is an eseeptionu,! case, and the mode 
of life of tho solitary wasps raises one of the moat 
interesting questions in connection with instinct. The 
Ammophila, for iustance, haying built her cell, places 
in it, as food for her young, the full-growo caterpillar of 
a moth, Noetua segetum. Now, if the caterpillar wore im- 
injured, it would struggle to escape and almost inevit- 
ably destroy the ejrg ; nor would it permit itself to bo 
eaten. On tho other hand, if it were killed, it would 
decayand soon become unfit for food. Tiie wasp, however, 
avoids both horns of this dilemma. Having tuuud her 
prey, she pierces with her sting the membrane between 
the head and the first segment of the body, thus nearly 
disabling the caterpillar, and then proceeds to inflict 
eight more wounds between the following segments; 
lastly crushing the head, and thus completely paralyzing 
her victim, but not actually killing it; so that it lies 
helpless and motionless, but, though living, let ua 
hope insensible. M. Fabre, to whom we are indebted 
for a most interesting and entertaining series of essays 
on this group of insects, argues that this remarkable 
instinct cannot have been gradually acquired. 

The spots selected are, he says, exactly those 
occupied by the ganglia. No others among the in- 
numerable points which might have been chosen would 
have answered the purpose; not one wound is mis- 
placed or witliout effect. M. Fabre truly ok-erves that i 
chance offers no explanation." Moreover, he unhesi- , 

" In the case of otber insecte, anch aa Mutilla, Chryaia, Lencospia, 
Anthiax, eM.. vhicli do not pnsscas tlie iualmct of paralyzing their 
T'ctima, tbe young feed ou Uie cliryaalie, wliii;h U normally wilbuut 
power of 



244 



OBiam OF oraTiNoTS. 



tatinply assects that "Si de son cote rhymcnoptere I 
excelle dans sou art, c'est qu'il est fnit (lOur I'exercer; 
c'est qu'il est doue, non aeulement d'outils, mais encore J 
de la maniere de s'fin servir. Et ce don est originel, I 
parfait ilea le debnt ; le posse n'y a rien ajoiite, I'avenir J 
n'y ajotitera rien." " But how wss it acquired ? 
Fab re cuts the Gordiau knot. " Et lout naivement je i 
me dis: Paisqu'il faut dea Avaign^es aux Pompiles, de | 
totit temps coux-ci ont pcissede leur piiliente astuce et 
lea autres leur sotte auiiace, C'est pueril, ei Ton veut, 
peu conforme aux visees transccsdanlea des theories a I 
la mode ; il n'y a lit ni objectif ni aiibjectif, ni adapta- 
tion ni diHeieiitiation, ni attavisiiie ni trans form ism e ; 
Boit, mais du m'lins je comprends." 

" Je comprends ! '' M. Fabre aays he iinderstanda, 
and no duubt be thinks bo ; but I confess that his , 
espluuatioD aeems to me fo leave us just where we I 
were. To my mind, I confess, it seeniH to me to throw 
no light whatever on the ujatter. M. Fabre asserts ] 
that the habits of these insects have been "de tout 
temps" exactly what they are now. I p^ss by the.fuct 
that the Hyinenoptera are, geologically speaking, of 
comparatively recent appearance. But is it the case J 
that habits are so invariable ? Quite the reverse. The J 
cases of variatioo are innumerable. 

Romanes t refers to a criticism of Ihe same nature I 
by liirby and Spence, "Why," they ask, "if instincts 
are open to modification by experience and intelligence, 
are not bees sometimes found to use mud or mortar I 
instead of was or propolis ? Show us," tliey say, *' but J 
one instance of their having substituted mud for 
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I observed, 
jollected some wax and turpentine with wliicli he 
bad covered some decorticated trees, and used it instead 
of propolis, the nianufactiire of which they discontinued. 
Nay, M. Fabre baa himself placed on record some cases 
of the same kind, and shown that the instincts of these 
Hnimals are not absolutely nnalterable. Thus one 
solitary wasp, S^hexjlavipennis, which provisions its nest 
I with small gmsaboppera, when it returns to the cell, 
leaves the victim outside, and goes down for a moment 
' to see that all is right. During her absence M, Fabre 
, moved the grasshopper a little. Out came the Sphex, 
I 80(m found her victim, dragged it to the mouth of tbe 
cell, and left it as before. Again and again M. Fabre 
moved the grasshopper, but every time the Sjihex did 
exa-tly the same thing, until M Fabre whs tired out. 
All the insects of this colony had the sume curious 
haliit; but on trying the same experiment with a 
Sphex of the following year, after two or three dis- 
a] ipointmenta she learned wisdom by experience, and 

I carried the grasshopper directly down into the cell. 
Eumenes pomiformia builds, as already mentioned, 
a cell in the open air. If attached to a brond base, 
" C'est tin dome avec gonlot central, evase en embou- 
chure d'uine. Maia quand I'appui se r^duit a un point, 
Bur un rameau d'arbiiate par exenipio, le nid devient 
one capsule spherique, stirmontee tonjoiirs d'un gonlot^ 
bien entendu." • 
Again, he has shown good reason for believing 
that, although the Tachjtes nigra generally makes its 
• lac Oil., p. SG. 
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own burrow and stores it with paralyzed prey for ita 

own larv(e to feed on, yet tbat, when tliia insect fimls a 

burrow already made and stored by another Sphex, it 

. takes advantage of the prize, aud becomes for the 

f occasion parasilio. On which Mr. Darwin has justly 

[ observed that be could see no difficulty in natural 

f Bi'Iectioti making an occasional habit permanent, if of 

\ advantuge to the species, and if the insect whose nest 

and stored food are thus feloniously appropriated be 

I not thus exterminated. 

The problem is certainly one of great difficuliy, and 
it is with diffidence that I would suggest to M. Fubre 
certain considerations which may perhaps throw some 
light on it. Let us examine some of the other solitary 
wasps, and see wliether their habits afford ns any clue. 
That an animal of prey knows where its victim is 
most vulnerable, has not in itself anything unusual or 
unaccountable. 

The genua L5embex bills the insects on which its 
young are fed, and supplies the cell with a fresh 
victim from time to time. Enmeues, like Ammophila 
and Sphex, stores up the victims once for all. They 
are grievously wounded, but not altogether paralyzed. 
Here, then, we have the very condition which M. Fabre 
considers would be fatal to the tender egg of the wasp. 
But not necessarily so. The wrelched caterpillars lie 
in a wnggling mass at the buttom of the cell ; a clear 
space is left above them, and from the summit of the 
cell the delicate egg is suspended by a fine thread, so 
that, even if touched by a caterpillar in one of its con- 
vulsive struggles, it would simply swing away in safety. 
When the young grub is hatched, it suspends itself to 
this thread by a silken sheath, in which it hangs head 
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downwards over its victims. Does one of them sf niggle ? 
quick as lightning it retreats up the sheath out of 
harm's way. 

la Odynerug the arrangement is very simiW, but 
I the grub simply attaches itself to tbe support, and 
does not construct a tube. Moreover, while in the 
Bolitary bees and wasps the laying of the egg is generally 
L the final opei'ation before the closing of the cell, in 
I Odynenis, on the contrary, or at least id Odyneriui 
reniformis, the egg is laid before the food is provided. 
This, perhaps, may have reference lo tlie difftreut con- 
dition of the victims. 

According to Marehal," Cerceris ornala practically 
kills her victim; moreover, she.stinge it not in, bat 
between, the ganglia, and though the first sting is 
planted between the head and tliorax, the following 
ones do not always follow the same order. 

At present the Ammophila supplies each cell wiih 
1 large caterpillar ; but was this always so ? One 
[ species of Odynenis depo4l8 in each cell no li'sa than 
twenty-four victims, another only eight. Eumenes 
\ Amedei regulates the number according to the sex : 
. ten for the female grub, five only for the smaller male. 
Moreover, while phytophagous larvse will not gene- 
I rally eat any plants but those to which they are 
I accustomed, it iuis been proved that, as a matter of 
I fact, these larvre will feed and thrive on other insects 
[ almost, if not quite, as well as on their natural food. 

Is it, then, iiopossible that in far bygone ages the 
I larvffl may have grown more rapidly, so that the 
L victims had not lime to dei'ay ; or that the ancestors 



• Marehal, "Surt'Iuatinctdu Cera 
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of pur present Ammopliilas may have feil their young 
from day to day with fVesh food, as Bembex does eveu 
now ; tliftt they may then have grafluully brought the 
provisione at longer intervale, choosing small and 
weak Ticlims, and hiving the egg in a Bpeciul part of 
the cell, as Enmenes does? that during these long 
ftjiea thi'y may have gradually learnt the spots where 
their sling would he most effictiye, and, thus saving 
themselvps the trouble of capturing a number cd 
viclimB, have found that it involved less labour to select 
a fine fat common caterpillar, such as that of Nodua 
eegehim, and so have grtidually acquired their present 
habits^ Wonderful doubtless tbey are; but, though 
I hint the suggestion with all dererence, such a 
sequence does not seem to me to present any in- 
superable difficulty. 

This suggestion was made in the Contemporary 
Review for 1885, and I was much interested to find in 
Mr. Utirwin'slife that he had nuide a similar suggestion 
in a letter to M. Fabi'e. He refers to the great skill 
of the Gauehos in killing cattle, and suggests that eath 
youug Gauclio sfea how the others do it, and with a 
very little practice learns the art. "I suppose that 
the sand-wasps originally merely killed their prey by 
stin^'ing them in muny plaeea (see p. 129 of Fabre's 
'Souvenirs,' and p. 241), and that to sting a certain 
segment was found by far the most successful method, 
and was inherited like the tendency of a bulldog to pin 
the nose of a bull, or of a ferret to bite the cerebellum. 
It would not be a very great step in advance to prick 
the ganglion of its prey only slightly, and thus to give 
its larviB fresh meat instead of only dried meat. 
* " Life and LeltcTs of Charles Duiri 
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Perhaps, liowever, it may be aaked. Why shotild the 
inflect cliange its habits ? Several reosona might be su^j- 
gested. Tlje prey first selected miglit be exterminated, 
or at any rate diminiah in nutuberB, and, though each 
sprcies as a general rule coufines itself to one special 
TJclim, some exceptions have already been noticed, 
Tor instance, Sphex flampennis babitually preys on a 
Bpefiea of grasshopper, but on the banks of tlie Bhone 
M. Fabre found it, on tlie contrary, attacking a field 
cricket, whether from the absence of the grasshopper or 
not he was unable to determine. 

Take another case. M. Fabre denies" that the 
different species of Sphex can ever have been derived 
from one source. Every species now, he observes, has 
Bome one victim, some one insect on which it preys, to 
which it restricts itself, and which the other species do 
not attack. But " Que chassait, je vous prie, ce proto- 
type dea Sph^giens ? Avait il regime vavie on regime 
uniforme ? Ne pouvant deciiier, esamiiiuns Its dens 



PHe begins by supposing that with the ancestor of the 
Sphex, " Le regime etait varie. J'en felicite hautement 
ce premier ne des Sphex, II 6tait dans les meilieures 
conditions pour laisser descendance prospere." Is it 
likely then, he says, that they would have limited 
themselves to one prey, and thus have foolishly 
diminished their cliam'es in life ? " Mais non," he adds, 
in hia lively style, " mes beans Sphex, vous n'avez pas 
^t Ate aossi idiots que cela. Si vous etes de nos jours can- 
^H tonnes chacun dans on mets de famille, c'est que votre 
^B ancetre ne vous a pas en^eignd la varieie." 
^B He then di'^eussea the alternative whether the 
^H * " Souv. Eolcm., tiolBii'me se'tio." 
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ancestral Sphex reatricted itself to one victim, and 
that its deseendantB "subdivisea en groupes et con- 
atitues eniin en autant d'especes distinctes par le lent 
travail dea Riecloa, ae sont aviaes qu'en dehors dii 
com'^stible des aiicetrca il j ayait uue foule d'autres 
aliments." 

This, he saya, aapposes that they espprimented on 
varimia victims, found several of them to their liking, 
and then, after a period of varied and plentiful diet, 
voluntarily abandoned so grt-at an advantage. 

"Avoir decouveit, par vos esaais d'age en a^e, la 
variete de I'ali mentation ; I'avoir pratiqu^e, au grand 
avantage de votre race, et flnir par runiformite, cause 
de d^adence ; avoir connu I'excellent et le r^pudier 
pour le mediocre, 'Oh ! mes Sphex, ce serait stupide si 
le transformisme avait raison. ' " 

"J'estime," then he concludes, "que votre ancefre 
cominiin, votre pr^i'urseur, a gouts simples ou bien a 
gouta multiples, est une pure chimere." 

No doubt the habits of Hymenoptera present many 
difiicultiea, and have undoubtedly many surprises in 
store for us, and I cannot think the matter is so clear 
as M. Fabre imagines, or that he baa exhausted the 
possible cases. It is possible, though it ia, I admit, 
only a supposition, that the ancestral Sphex huntpd 
Bome species which does not now exist— at Iea«t not in 
the south of France — and which might have disappeared 
gradually. As it became rarer, they might be driven 
to attack other prey, and M. P'abie haa himself shown 
by a variety of most ingenious experiments that the 
larvsB are by no means fastidious as to their food. The 
Hymenoptera vary cnnaiderably in size, and the larger 
individuals might be able to overmaster some large 
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insect, while the feebler specimens were eonipelled to 
coDtent fhemselves witli humbler fare. 

Thia 13 DO purely imaginary case, M. Fabre himself 
distinguishes tliree races — or are they species ? — of Laii- 
coBjiis which live on the three species of Chalicodomas. 
" Venu dii Chalicodome des galeta ou des muraillea, 
dont ropulente larve le sature de nourriture, il m^rile 
par sa grosseur le noni le Leueosjns gigas, que lui 
donne Fabriciua ; venu du Chalicodome des hangars, il 
De merite plus que le nom de Leucospis grandis, que 
lui oetroie Klug. Avec une ration moindre, le g^ant 
baisse d'un degre et n'est plus que le grand. Venu 
du Chalicodome des arbustes, il bais.se encore, et si 

I quelque nomenclateur s'avisuit de le qualifier, il 
n'anrait plus droit qu'au titre de mediocre. 

The Anthrax, again, differs consideriibly a"cording to 

[ the 8[ieeies on which it has fed, those coming from the 

I cocoons of Oamia tricornis being much larger from 

I those from 0. cyanea. 

Or it miglit well happen that wbile the victim was 

[ from some cause or other, say for instance the ahsenco 
of food elsewhere, limited to a particular district, the 
region beyond was suited to the ancestress Sphes. In 
that ca.^e, would she not naturally try whether she 
could not find some other suitable food ? Tliis again, is 
not a purely imaginary case. M. Fabre himself tells us 
that while " la Scoiie intcrrompue avait pour gibier aux 
environs d'Avignon, la larve de I'Anosie velue {Anoxia 
villosa). Aux environs de Serignan, dans un sol sablon- 
neux si^mblable, sans autre v^g^tation que quelqucs 
maigres grjmeas, je Ini tronve pour vivres I'Anosie 

kmatutinale {Anoxia maiutinalis), qui remplace ici la 
velue." 
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That bees soon tiike to newly introduced flowers 
familiar case which every one must have noticed, and 
which it is surely not logical to dismiea by the conve- 
nient process of referring it to " instinct." It 13 indeed 
difBcnIt for any one who watches these insects to deny 
to beea tho possession of a higher and conscious faculty. 

In considering the question wliether these remarlfablu 
instincts were originally, ao to say, engrafted in the. 
inswt, or whether they were the result of innumerable' 
rppetilions of similar actions carried on by a long; 
series of antestors, we may perhaps be aided by the' 
con aide ration that, thoiif^h the results would in either 
case be in many respecta the same, there are some ia. 
which tbf^y would altogether difler. In the former, fd 
instance, we mi<rht expect that the insect woulil be 
gifted that no aUght ohstacle should interfere with tlia 
great end in view: in the latter, on the contrary, the 
very reiietition whii-h gave such remarkable results 
would tend to incapacitate the insect from dealing with 
any unusual conditions. 

Limitation of Instinct. 
Wo should, in fact, find side by side with these won- 
derful iustidcta almost equally surprising evidence of 
Blnpidity. Now, one species of Sphes preys oq a hirge 
grasshopper (Ephippigera). Having disabled her vic- 
tim, she drags it along by one of the antennie, and 
M. Fabr^ found that if the atiteniue he cut oft' ehise to 
the liead, the Sphex, aftt-r li-yini; in vain to pet a grip, 
gives the matter up as a ba'l job, and leaves hi.T Ticiim 
in despair, without ever thinking of dragging it by one 
of its legs. Again, when a Sphex bad prorisioned her 
cell, laid her egg, and was about to close it up, M. 
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Fabre <lrove her away, and tuok out botU tlie Ephippi- 
gera aud the egg. He then allowed the Spliex to letiirn. 
She went down into the empty cell, and though she 
must have known that the grasshopper and the egg 
were no longer there, yet she proceeded calmly to stop 
np the oriiice just as it" nothing had happened. 

The genus Bplicx paralyzes its victims and provisions 

t its cell once for all. Eenibex, on the contrary, as 
already mentioned, kills the insects on which its young 
are to feed, and, perhaps on this account, brings its 

1 young fresh food (mainly flies) from time to time. 
But while the Bembex thus preys on some flies, there 
are others which avenge their order. The genus 
Miitograrama Inys its eggs in the cell of the Bemhex; 
and, though there seems no reason why the Bembes, 
which is by far the stronger insect, should tolerate this 
intrusinn, whii'h, moreover, she shows unmistakably to 
most unpalatable, she never makes any attack on 
her enemy. Nay, wlien the yonug of tlie Miltogramma 
are hatched, so far from being killed or removed, these 
entomological cuckoos are actually fed until theyreach 
maturity. Nevertheless, it seems contrary to etiquette 

I for the fly to enter the cell of the Bembex ; she watches 
the opportunity when the latter is in the cell and is 
dragging down the victim. Then is the Miltogranima's 
opportunity; she pounces on the victim, and almost 
iualantaneously lays on it two or thiee eggs, which are 
then tranfifened, with the insect on which they are to 
feed, to the cell. 
It is remarkiible how the Bembex remembers (if one 
may use such a word) the entrance to her cell, covered 
Kg it is with sand, exactly tfi our eyes like that all 
tonnd. On the other hand, M. Fabre found that if he 
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reraovcd the eiirfat* of the eartb and the passHgp, 
exposing tiie ctll and t!ie larva, the Bembes waa quite 
at a loBH, and did not even recognize her own oflFspring. 
It seems as if she knew tlie door, the nursery, and the 
pasisage, but not her child. 

Anotlier inj;eDioua experiment of M, Fabre's was 
made with a maaon bee (Chalicodcmn). This genua 
constructs an earthen cell, throuffh wiiicb at maturity 
the young insect eats its way, M. Fobre found that if 
he pasted a piece of paper roimd the cell, the insect had 
no difliculty in eating through it ; but if be enclosed the 
cell in a paper case, so that there was a space even of 
only a few lines between the cell and the paper, in that 
case the paper formed an effectual prison. The instinct 
of the insect tau^-ht it to bite through one enclosure, 
but it had not wit enough to do so a second time. 

One of the most striking instances of etupidity 
(may I say) is mentioned by M. Fabre, in the case of 
one of his favonrile bees, the Clialicodoma jn/retiaica. 
This species builds cells of masonry, which she tills with 
honey as she goes on, raising the rim a little, then 
making a few journeys tor honey, then raising the rim 
again, and so on until the cell is completed. Slie then 
prepares a last load of mortar, brings it in her mandibles, 
lays her egg, and immediately closes up the cell; 
having duubtlea.'^ provided the mortar beforehand, lest 
during her absence an enemy should destroy the egg 
or any parasitic insect should gain admittance. ThiB 
being so, M, Fabre chose a cell which was all but 
fiui^iheii, and during the absence of the hee he broke 
anay part of the cell-covering. Again, in Bome half- 
finished cells he broke away a little of the wall. In 
all these cases the bee, as might be expected, repaii 
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the miBcliicf, the operation being in the natural order 

of her work. But now comes the curious fact. In 

another series of cells M. Fabre pierced a hole in the cell 

below the part where the bee was working, and through 

which the honey at once began to exude. The poor 

stupid little bee, however, never thought of repainu'^ 

the breach. She worked on aa if nothin<; hud liappened. 

In her alternate journey a she brought tirst mortar and 

then honey, which, however, ran out aj,'ain a.^ fast aa it 

was poured in. This experiment he repeated over and 

over again with various modifications in detail, but 

always with the same result. It may be suggested that 

possibly the bee was unable to stop up a hole once 

formed. But that could not have been the case. M. 

Fabre took one of the pellets of mortar brought by the 

bee, and successfully stopped the hole himself. The 

omission, tlierefore, was due, not to a want of poner, 

but of intellect. But M. Fabre carried his experiment 

still further. Perhaps the bee had not noticed the injury. 

He chose, tlierefore, s cell which was only just begun 

and contained very little bonoy. In this be made a 

comparatively large hole. The bee rtturned with a 

supply of honey, and, seeming much siirpriaed to find 

the hole in the bottom of the cell, examined it carefully, 

felt it with her antennae, and even pushed them through 

Did she then, a^* might naturally liave been expected, 

[stop it up? Not a bit. The unexpected catastrophe 

L transcended the range of her intellect, and she Cdlmly 

.proceeded to pour into this vessel of the Danaidea load 

L after load of honey, which of course ran out of the bottom 

I as fast aa she poured it in at the top. All the afternoon 

I Bhe laboured at tiiis fruitless task, and began again 

I tin discouraged the nost morning. At length, when slie 

13 
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had brought the usual complement of houey, ahe laid 
her egg, and gravely Beak'd up the empty cell. In 
another cbbc, he mftde a large hole in the cell juat above 
the level of the hoiiey — a hole eo large that through it 
he was able to see the bee lay her egg. Having doue 
ahe carefully closed the top of the cell, but though shel 
closely examined the hole in the side, it did not enter 
into the range of her ideas that such an accident could 
take place, and it never occurred to her to cover it up. 

Another curious point raised by these ingenioua 
experiments has refert-ura to the quantity of honey, 
The cell is by no means filled; a space is alwaya left 
between the honey and the roof of the cell. The ueud^ 
depth of the honey in a completed cell is ten milli- 
metres. But the bee i^ not guided by this measure-; 
ment, for in the preceding cases she sometimes cloaeil 
the cell when the houey had a depth of only five milli- 
metres, of three, or even when the cell was almost empty. 
No ; in some mysterious manner the bee feels when she 
hiia provided as much honey aa her ancestress had dune 
before her, and regarla her work as accomplished. 
What a wonderful, but what a narrow, nature! She 
has built the cell and provided the honey, but there, 
her instinct stops; if the cell is pierced, if the h^neyii 
removed, it does not occur to her to repair the 
fill tip the othLT. M. Fubre not unnaturally askg^j 
" Avec lamoindrelueurrationnelle, I'inaecte depoaerail 
il son ceuf 8ur le tiers, sar le disieme des vivrea cet 
saires ; le deposerait-il dans nne cellule vide ; laisaorail 
il le nourrissoD pans nourriture, iiicroyable aberration ' 
la maternJte? J'«i rauonte, que le lecteur decide." 

The fiimily of bees is generally reckoned to be 
of great intelligence, but these and many other aimili 
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inatanccB which might be recorded Beem to show great 
limitation of intelligence. 

Let tne give one oiher, which any perstm may easily 
test for himself. I took a glass shade or jar eighteen 
inches long, and with a month six and a hulf inches 
wide, tnroirig the closed end to the window, and put in 
a common hive bee. She buzzed about I'or an himr, 
when, as there seemed no chance of her getting out, 
I put her back into the hive. Two flies, on the 
contrary, wbioli I put in with her, got out at oni-e. 
Again I put another bee and a fly into the same glass ; 
the latter flew out at onue. For half an hour the 
bee tried to get out at the closed end; I then turned 
the glass with its open end to the light when she flew 
out at once. To make sure, I reppated the expf riment 
once mure, with the same result. 

And yet there is, no doubt, ample foundation for the 
ordinary view which attributes considerable intelligence 
to the b"e, within the sphere of her owe operations. 

Several other points of resemblance between 
instincts and habits could be pointed out. A^ in 
repeating a well-known song, so in instincts, one action 
follows aootlier by a sort of rhythm. If a person be 
interrupted in a song, or iu repeating anything by rote, 
he is often forced to go back to recover the habitual 
train of thnuglit; so P. Huber found it wa'a witli a 
caterpillar, which makes a very complicated hammock; 
for if he took a caterfiillar which hud completed its 
hammock np to, say, the eisih stage of construction, 
and put it into a hammoL'k cora]ileied up only to the 
third stage, the caterpillar simply re- per formed the 
fourth, fifth, and sixth stages of cimstrnctiou. " If, how- 
ever, a caterpillar were talieu out of a hammucli made 
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Up, for instance, to the third stage, and were ptfl 
one finished up to the sixth stage, so that much of ita 
woi'k was already done for it, i'ar from feeling the 
benefit of this, it was much embarrassed, and, in order 
to complete ils hammock, seemed forced to start from 
the third stage, where it had left off, and thus tried to 
complete the already finished work."* 

Another very interesting series of observations which 
we owe to. M. Fabre has reference to ihe question of 
sex, and it would really seem that the mother can 
regulate the sex of the egg at will. In many of our 
wild bees, the females are much larger tlian the males. 
The mule lives a life of pleasure, idle but short. 
"Quinze jours de bombance dans un taagas:n a miel, 
un an de sommeil soas teire, une miuute d'amour au 
Boleil, puis la mort." 

But the female " C'est la mfere, la mi5re seule qui, 
p^oiblement, creuse sous terre dea galeries et des 
cellules, petrit le stuc pour enduire les loges, mafODoe 
la demeure de ciment et de gi'aviers, tnraude le bois el 
subdiviae le canal en etages, de -oupe des rondelles dft] 
feuilles qui seront assemblees en pots a miel, malase 
la r^sine cueillie en larmes sur les blessiires des ping 
pour edifier des vontes dans la ramps vide d'un es- 
cargot, chasse la proie, la paralyse et la (raine aa 
logis, cuoille la poussiere pollinique, ^labors le miel 
dims son jabot, emmagasine et mixtionne la pal 
Ce rude labeur, si imperieux, si actif, dans lequel 
depense toute la vie de I'insecte, exige, c'est ^viden^ 
uoe puissance eorporelle bien inutile au male, ramoo*] 
leuK d^steuvre." 

In the hive bee the drone cells differ materiallj 
shape from those of the queens and workers. 
■ Darwin, "Ocigin or GpeciKB." 
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In the solitary wasps, where the femnles are much 
larger than the males, the mother builds a larger rell a»ii 
provides more food for the former than for the latter. 

The Chalicodoma (one of the mason bees) often lays 
her eggs in old cells of the previous year. These 
are of two sizes — lurge ones, originally built for the 
females, and small ones for the males. Now, in 
utilizing old cells, the bee always places male eggs in 
male cells and female eggs in female cells. If, how- 
ever, a female cell be cut dovvn so as to reduce the 
size, then indeed the bee deposits in it a male egg. 

The beea belonging to the genus Osmia* arrange 
their cells in a row iu a hollow stick, or some other 
similar situation, and it has long been known that in 
these and similar cases the cells first provisioned, and 
which are therefore furthest from the entrance, always 
contain females, while the outer cells always contain 
males. 

There ia an obvious advantage in this, because the 
males come out a fortnight or more before the females, 
aud it is, of course, convenient that those which have 
to come out first should be in the cells nearest the 
door. The bee does not, however, lay all the female 
eggs first, and then all the male eggs. By no means. 
She produces altogether from fifteen to thirty eggs, but 
seldom arranges them in one row; generally they are 
in several series, and in every one the same sequence 
occurs— fomales further from, and males nearest to, the 
door. 

For instance, one of M. Fabre'a marked bees— one, 
moreover, of exceptional fertility — occupied some glass 
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tubes, which he arranged convenii 

the lat to the 10th of May she constrncteii, 
eight cells — first seven female, 



iently for iier. From I 
i tub^l 
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leu one mais. I 
From the 10th to the 17th, in a second tnbe, she built 
first three female and then three male cells ; from the 
17th to the 2dth, in a third, three female and then 
two male ; on the 26th, in a fourth, one female ; and, 
finally, from the 26th to the 30th, in a fifth, two female 
and three male: altogether twenty-five, seventeen ] 
female and eight male cells. 

The advantage of this is clear, but the manner in 
which it is secured is not so obvious. It might be 
suggested that the quantity of food was not regulated 
by the sex of the young one, but that the sex depended 
on the quantity of food, This would be very improb- ] 
able, and M. labre attempted to disprove it by s 
very ingenious experiments. He found that if he took I 
eome of the food from a female cell, the bee or wasp 
produced was still a female, though a starveling; while 
if be added food to a male cell, the larva still pro- i 
diiced a male, though a very large and fine one. 

M. Fubre then made some of his most ingenious i 
experiments. He brought into his room a large number ' 
of cocoons of Osmia. When the perfect insects were 
about to emerge, he arranged for them a number of ] 
glass tubes, of which the Osmiaa gladly availed them- 
selves, and in which tbey proceeded to construct their ' 
cells. The usual arrangement, as already mentioned, 
is that the males are placed nearest t", and the female 
furthest from, the door. But M. Fabre so arranged 
the tubes that each was in two parts, an outer wiiier 
portion having a diameter of eight to twelve milJi- 
metrea, which is sufficient for a female cell; and aa 
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inner narrower portion with a diameter oF fire to five 
and a half millimetres, which is too small for a. female, 
but just large enough for a male. This arrangement 
placed the Osmias in a difiBculty. They could not 
follow their nataral instinct and construct at the end 
of the tube cells large enough for females. 

What happened ? Some of the Osmias shut off the 
narrow ends, and used only the outer wider portion. 
Others, reluctant, as it were, to throw away a chance, 
btiilt also in the narrow part of the tube, and under 
these circumstances, contrary to the otherwise invari- 
able mle, the inner and fiist constructed cells contained 
males. 

M, Fabre concludes then, and it seems to me has 
given very strong reasons for thinking so, that these 
privileged insects not only know the sex of the insect 
which will emerge from the egg they are about to lay, 
but that at their own will they can actually control it! 
Certainly a most curious and interesting result I 

He concludes his charming work as follows : — " Mes 
chers insectes, doiit I'etuds m'a soutenu et continue a 
me soutenir au milieu de mes plus rudea epreuves, il 
font ici, pour aujourd'hui, se dire adieu. Autour de 
moi les rangs s'eclaircissent et les longs espoirs ont fui. 
Pourrai-je encore parler de vous ? " and eyerj lover of 
nature will, I am sure, echo the wish. 



I 



CHAPTER Xlir. 

ON THE SUPPOSED SENSE OP DIRBCTION. 

One of the most mtereating questions connected with 
the instincts and powers of animals lias reference to the 
manner in which they find their way back, after having 
been carried to a distance from, home. This has by 
some been attributed to the possession of a special 
"sense of direction." 

Mr. Darwin siig^iested that it would be intereBting 
to try the effect_of puttinfj animals " in a circular boi 
with an axle, which could be made to revolve very 
rapidly, first in one direction and then in another, so 
as to destroy for a time all sense of direction in the 
insects. I have sometimea," he said, "imagined that 
aoimals may feel in which direction they were at the 
first start carried." In fact, in parts of France it is 
considered that if a cat is carried from one house to 
another in a bag:, and the bag is whirled round and 
round, the cat loses her direction and cannot return to 
her old home. 

On this subject M. Fahre has made some interesting 
and amusing experiments. He took ten bees belonging 
to the genua Chalicodoma, marked them on the back 
with a spot of white, and put them in a bag. He 
then carried tbem hall' a kilometre in one direction, 
stopping at a point where an old cross stands by 
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■wayside, and whirled the bag rapidly round his head. 
While he was doing so a good woman came by, who 
was not a littlo surprised to find the profesaor stand- 
ing in front of the old cross, solemnly whirling a hag 
round his head, and, M. Fabre fears, strongly Buspected 
him of some patanic practice. However this may be, 
M. Fabre, having sufSciently whirled his bees, started off 
back in the opposite direction, and carried his prisoners 
to a distance from their home of three kilometres. 
Here he again whirled them round, and then let them 
po one by one. They made one or two turns round 
him, and then flew off in the direction of home. In the 
meanwhile his daughter Antonia was on the watch. 
Tiie first bee did the mile and three-quarters in a 
quarter of an hour. Some hours after two more re- 
turned ; the other seven did not reappear. 

The nest day he repeated this experiment with ten 
other bees. The first returned in five minutes, and two 
more in about an hour. In this case, again, seven out 
of ten failed to find their way home. 

In another experiment he tool: tbrty-nine bees. 
When let out, a few started wrong, but he says that 
"lorsque la rapidit6 du vol me laiase reconnaitre la 
direction suivie ; " the great majority flew homewards. 
The first arrived in fifteen minutes. In an hour aud 

, half eleven had refurned, in five hours six more, 
making seventeen out of forty-nine. Again he experi- 
mented with twenty, of which seven found their way 
home. In the next experiment he took the beea rather 
further — to a distiinco of about two and a quarter miles. 
In an hour and a half two had returned, in tiiree hours 

md a half (jeven more ; total, nine out of forty. Lastly, 
he took thirty bees: fllleen marked rose he took by 
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a roundabout route of ov*>r five miles ; the other fifteen, i 
marked blue he sent straipht to the rendezvous, about J 
one and a. half miles from home. All the thirty were 1 
let out at noon ; by five in the evening seven " rose " 
bees and six ■' blue " beea had returned, so that the | 
loDg detour had made no appreciable difierence. I 
These experimeuta seem to M. Fubre coneiusive. " La J 
demonstration," be says, " est eufilsaute. Ni lea mouve- 
mente enchevelre.i d'une rotation comme je I'ai decrite ; ni ] 
I'obstacle de coUines a francliir et de bois a traverser; 
leaembnchesd'unevoiequiB'avauce.vetragmdeet revieiit I 
par un ample circuit, ne peuvent trouUler lea Chali- | 
codomea d^pay.'ea et les empScher de revenir au nid." " 

I am not ashamed to confess that, charmed by M. ] 
Pabre's enthusiasm, dazzled by his eloquence and 
ingennity, I was at firat disposed to adopt this view. 
Calmer eonsi deration, however, led me to doubt, and 
though M. Fabro's observations are most ingenious, 
and are very amusingly described, they do not carry 
conviction to my mind. There are two points specially 
to be considered — 

1. The direction taken by the beea when released. 

2. The succeaa of the bees in making good their J 
return home. 

As regards the first point, it will be observed that the 
successful bees were in the following proportion, via. ^ 
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proportio 

wJiule nuDnber no less than ninety-seven appear to 
have lost their wny. May not the forty-sevtn have 
found theirs by sight or by accident ? Instinct, how- 
ever inferior to reason, has the advantage of being 
generally unoiring. Wijen two out of three bees went 
wrong, we may, I think, safely dismiss the iden of 
instinct. Moreover, the distance from home was only 
one and a half to two miles. Now, btiea certainly 
know the country for some distance round tlieir home ; 
how far tliey generally forage 1 believe we have no 
ceiiain information, but it seems nut unreasonable to 
suppose that if they once came within a mile of their 
nest they would find themselves within ken of some 
familiar landmark. Now, if we suppose that 150 bees 
are let out two miles from home, and that they flew 
away at random, distributing themselves equally in all 
directions, a little consideration will show that some 
twenty-five of them would find thenisilvea within a mile 
of home, and coneecjnently would know where they were. 
I have never myself experimeuled with Chalicodomas, 
but 1 have observed that if a hive bee is taken to a 
distance, she behaves as a pigeon does under similar 
circumstances ; that is to say, she flies round and round, 
gradually rising higher and higher and enlarging ber 
circle, until I suppose her strength fails or she comes 
within sight of some known object. Again, if the bees 
had returned by a sense of direction, tbey would have 
been back in a few miuiKcs. To fly one and a half or 
two miles "'o^i'd not take five minutes. One bee out of 
the 147 did it in that time ; but the others tiiok one, 
two, three, or even five hours. Surely, then, it is 
reasonable to suppose that these lost some time before 
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they came id sight of any object known to them. The I 
second result of AL Fahre'a observations is not open to 
these remarks. He observes that the great majority 
of his Chtilicodomaa at once took the direction home. 
He confesses, however, in the sentence I have already 
quoted, that it is not always easy to follow beea with 
the eye. Admitting the fuct, however, it seems to me 
far from impossible tliat the bees knew where they 
were ; and, at any rate, this does not seem so improbable 
that we should be driven to admit the existence of a 
new sense, which we ought only to assume as a hist 
resource. 

Moreover, M. Fabre himself says, " Lorsque la rapidity 
du vol me liiisse reconnailre la direction suivie," which 
seems to imply a doubt. Indeed, some years previously 
he had made a similar experiment with the 
species, but taking them direct to a point rather over 
two miles (four kilometres) from the nest, and not 
whirling them round his hend. I looked back, there^ 
lore, to his previous work to see how these behaved^ 
aud I fonnd that he says — 

"Aussitot libres, les Chalicodomes fuieut, comtnd- 
effar^, qui dans une direction, qui dans la direction 
tout opposee. Autant que le permet leur vol fougneux, 
je crois n^anmoins reconnaltre un prompt retour des 
abeilles lancees a I'oppose de leur demeure, et la majority 
me semble se diriger du cote de I'horizon oii se trouve 
le nid. Je laisse ce point avcc des doutes, que rendent 
inevitables des insectes perdua de vue a une vingtaine 
de metres de distance." 

In this case, then, some wejit in one direction, some 
in another. It certainly would be remarkable if beeffi 
which were taken direct missed their way, while thosfri 
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which were whirled round and round went straight 
home. 

Moreover, it appears that after all, as a matter of fact, 
they did not fly straight home. If they had done so they 
would have -been back in three or four minutes, whereas 
they took far longer. Even then, if they started in the 
right direction, it is clear that they did not adhere 
to it. 1 have myself tried experiments of the same 
kind with hive beea and ants. For instance, I put 
down some honey on a piece of glass close to a neat 
of Lasive niger, and when the ants were feeding I 
■placed it quietly on the middle of a board one foot 
square, and eighteen inches from the nest. I did 
this with thirteen ants, and marked the points at 
which they left the board. Five of them did so on 
the half of tlie board nearest the nest, and eight on 
that turned away from it. I then timed three of 
them. They all found the nest eventually, but it took 
them ten, twelve, and twenty minutes respectively. 
Again, I took forty ants which were feeding on some 
honey, and put them down on a gravel-path about fifty 
yards from the nest, and in the middle of a squai-e 
eighteen inches in diameter, which I marked out on 
the path by straws. 

I prepared a corresponding square on paper, and, 
having indicated by the arrow the direction of the nest, 
I marked down the spot where each ant passed the 
boundary. They crossed it in all directions; and 
dividing the square into two halves, one towards the 
nest and one away from it, the number in each were 
almost exactly the same. 

After leaving the square, they wandered about with 
every appearance of having lost tiiemselves, and crossed 
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tlie boundary backwards and forwards in all directiona^J 
Two of them, however, we watched for an hour eaeh.T 
They meandered about, and at the end of the time I 
one was about two feet from where she started, but • 
scarcely any nearer home; the other about six feet 
away, and nearly as much further from home. I then 
t(iok them up and replaced them near the nest, which, 
tl.ey at once joyfully entered. 

I meutioned some of the foregoing facta in a paper I 
which I read at the meeting of tlie British Association t 
at Aherd(;en, and they have since been couhrmed by | 
Mr. Komane^." 

" In connection," he says, " with Sir John Lubbock's 
paper at the British Association, in which this subject 
is treated, it is perhaps worth while to describe some 
experinieuts which I made IfiBt year. The question to 
be answered is whether bees find their way ho 
merely by tlieir knowledge of landmarks, or by means I 
of some mysterious faculty usually termed a sense of 1 
direction. The ordinary impressioTi apjjears to have I 
been that they do so in virtue of some such sense, and I 
sre therefore independent of any speci:il knowledge of J 
the district in which they may be suddenly liberated; T 
and, as Sir John Lubbock observes, this inipression w 
corroborated by the experiments of M. Fabre. The 
conelusious drawn from these experiments, however, 
appeared to me, as they appeared to Sir John, un- ] 
warranted by the facts; and therefore, like him, I re- 
peated them with certain variations. In the result I ' 
satisfied myself that the bees depend entirely upon their j 
special knowledge of district or landmarks, and it is. 
because my experiments thus fully corroborate those j 
• Salare, October 29, 188& 
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which were made by Sir John that it now occurs to me 
to publish them. 

"The house where I comliicted the observations is 
sitaated aeveral hundred yarda fiom the coast, with 
flower-garduna on each side, and lawns between the 
house and the sea. Therefore bees starting from the 
house would find their honey on either side of it, while 
the lawns in front would be rarely or never visited — 
being themselves barren of honey, and leading only to 
the sea. Such being the geographical conditions, I 
placed a hive of bees in one of tlie front rooms on the 
basement of the house. When the bees befarae 
thoroughly well acquainted with their new quarters by 
flying in and out of the open window for a fortnight, I 
began the experiments. The modus operandi consisted 
in closing the window al'ter dark when all tiie beea were 
in their hive, and also slipping a glass shutter in &out 
of the hive door, so that all the bees were doubly im- 
prisoned. Hext morning I slightly ratacd the glass 
shutter, thus enabling any desired number of bees to 
escape. When the desired number had escaped, the 
glass shutter was again closed, and all the liberated 
bees were caught as they buzzed about the inside of the 
shut window. These bees were then counted into a box, 
^^ the wiudow of the room opened, and a card well smeared 
^^Lover with birdlime placed upon tlie threshold of the 
^^■beehive, or just in front of the closed glass shutter, 
^^TThe object of all these arrangements wus to obviate the 
necessity of marking the bees, and so to enable me not 
merely to exjieriment with ease upon any number of 
individuals that I might desire, but also to feel confident 

fit no one individual could return to the hive un- 
ticed. For whenever a. bee returned it was certain 
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to become entangled in the bird-lime, and wbenerer 1 
found a bee go eutangled, I was certain that it was onf 
which I had taken from the hive, as there were no othei 
hives in the neighbourhooH. 

" Such being the method, I began by taking a score of 
bpes in the box out to sea, where there coutd be no land- 
marks to guide the insects home. Had any of these 
insects returned, I should next have taken another score 
out to sea (after an interval of several days, so as to be 
sure that the first lot had become permanently lost), 
and then, before liberating them, have rotated the bo^" 
in aaling for a considerable time, in order to see whethM 
this would have confused their sense of direction. Bii^ 
as none of the bees returned after the first experiment,! 
it was clearly needless to proceed to the fieeond. Ac-B 
cordingly, I liberated the next lot of bees on the sea-| 
ghore, and, as none of these returned, I liberated another 
lot on the lawn between the shore and the house. I 
was Bomewhat surprised to find that neither did any of 
these return, although the distance from the lawn to 
the hive was not above two hundred yarJs. Lastly, I ] 
liberated bees in different parts of the fiower-gardeo, 
and these I always found stuck upon the bird-lime 
within a few minutes of their liberation. Indeed, they 
often arrived before I had had time to run from the 
place where I had liberated them to the hive. Now, 
as the garden was a large one, many of these bees had I 
to fly a greater distance, in order to reach the hive,/ 
than was the case with their lost sisters upon the lawn/f 
and therefore I could have no doubt that their uniform 
success in finding their way home so immediately v 
due to their special knowledge of the tiower-ganlen^* 
and not to any general sense of direction. 
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^ I may add that, while in Germany a few weeks ago, 
I tried on several species of ant the same experiments 
as Sir John Lubbock describes in his paper as having 
been tried by him upon English species, and here also I 
obtained identical results; in all cases the ants were 
hopelessly lost if liberated more than a moderate dis- 
tance from their nest. 

M. Eomanes' experiments, therefore, as he himself 
says, entirely confirm the opinion I have ventured to 
express — ^that there is no suflScient evidence among 
insects of anything which can justly be called a "sense 
of direction." 



CHAPTEK XIY. 



ON THE INTELLIQENCB OP THE DOG. 

CoNSiDEiiiNo tlie long flgea duriog wliicli man andS 
the oilier animals have shared this beautiful world,' 
it is Burtdy remarkable how littlo we know about them^ 1 
We have recently had various interesting works on ] 
the intelligence and senses of animals, and yet I think | 
the principal impression which they leave on the mind \ 
IB that we know very little indeed on the subject. 

The Dog. 

As to the intelligence of the dog, a great many 
people, indeed, seem to me to entertain two entirely 
opposite and contradictory opinions. 1 often hear it i 
said that the dog, for instance, is very wise and clever. 
Hut when I ask whether a dog can realize that two and ' 
two make four, which is a very simple arithmetical 
calculation, I generally find much doubt expressed. 

That the dog is a loyal, true, and affectionate friend 
mnst be gratefully admitted, but when we come too 
sider the psychical natm-e of the animal, the limits of oup 
knowledge are almost immediately reached. I have else- 
where suggested that this arises in great measure from 
the fact tiiat hitherto we have tried to teach animals, 
rather than to learn from them — to convey our ideas to 
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them, i-ather tban lo deyise any language or code of 
signals by means of which they might communicate 
theirs to us. The former may be more important 
from a utilitarian point of view, though even this is 
questionable, but psychologically it is far lesa interest- 
ing. UniJer these circumstances, it occurred to me 
whelker some such system as that followed with deaf 
mutea, and especially by Dr. Howe with Laura Bridg- 
man, might not prove very instructive if adapted to the 
case of dogs, 

A very interesting account of Laura Bridgman has 
been published by Wright, compiled almost entirely from 
reports of the Perkins Institution, and the Massachusetts 

I Asylum for the Blind, in which Dr. Howe, the director 
-of the establishment, details the history of Laura Bridg- 
man, who was deaf, dumb, and blind, almost without the 
power of smell and taste, but who, nearly aloue among 
those thus grievously afflicted, possessed an average, if 
not more than an average, amount of intellij^ence, 
although, until brought under Dr. Howe's skilful treat- 
ment and care, her physical defects esclniied her from 
all social intercourse. 

Laura Bridgraan was born of intelligent and respect- 
able parents, in Hanover, New Hampshire, U.S., in 
December, 1829. She is said to have been a sprightly, 
pretty infant, but subject to fits, and altogether very 
fragile. At two years old she was fairly forward, had 
maptered the difference between A and B, and, indeerl, 
is said to have displayed a considerable degree of 
intelligence. She then became suddenly ill, and had 
to be kept in a darkened room for five months. When 

Iriie recovered she was blind, deaf, and had nearly lost 
1^ power both of smell and taste. 
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" What a situation wn« hers 1 The darLness i 
silence of the tomb were around her; no mother's simle| 
gladdened her heart, or ' called forth au answering! 
smile ; ' no father's voice taught her to imitate hisi 
sounds. To her, brothers and sisters were but forma 
of matter, which resisted her touch, but which differed 
not from the furniture of the house, save in warmth 
and in the power of locomotion, and in these respects 
not even from the dog or cat." 

Her mind, however, was unaffected, and the sense 
of touch remained. " As soon as she was able to wall^, J 
Laura began to explore the room, and then the houBe^ 
slie became familiar with the form, density, weigb^fl 
and beat of every article she could lay her hands on. 

" She followed her mother, felt her hands and arm^ 
as she was occupied about the house, and her disposl-J 
tion to imitate led her to repeat everything herself. 
She even learnt to sew a little, and to knit. Hai 
affections, too, began to expand, and seemed to 
lavished Upon the members of her family with p.culii^ 
force. 

" The means of communication with her, howevei 
were very limited. She could only be told to go t 
a place hy being pushed, or to eome to one by fi 
of drawing her. Patting ber gently on the hea 
signified approbation; on the back, the contrary." 

The power of communication was thus most limitedj 
and her character began to suffer, when fortunately Div 
Howe heard of her, and in October, 1837, received h^' 
into the institution, 

"For a while she was much bewildered, till shebeeam^ 
acquainted with her new locality, and somewhat familial 
»ith the inmates; the attempt was made to give h^ 
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knowledge of arbitrary Bi'gna, by which she cotild 
interebange thoughts with others. 

"The first esperiinenta were made by taking the 
articles in comnDon use, such as knives, forks, spoons, 
keys, etc., and pasting upon them lubeis, with their 
names embossed in raised letters. These she felt 
carefully, and soon, of course, distinguished that the 
crooked lines s-p-o-o-n differed as much from the 
crooked lines k-e-y, as the spoon differed from the key 
in form. Then small detached labels with the same 
words printed upon them were put into her hands ; 
she soon observed that they were the same as th'jse 
posted upon the articles. She showed her perception 
of this similarity by laying the label k-e-y upoo the 
key, and the label s-p-o-o-ii upon the spoon, 

" Hitherto, the process bad been mechanical, and the 
success about as great as that of teaeliing a very know- 
ing dog a variety of tricks. 

"The poor child sat in mute amazement, and patiently 
imitated everything ber ti-acher did. But now her 
intellect began to work, the truth flashed upon her, and 
she perceived that there was a way by whit-h she could 
herself make a sign uf anything that was in her own 
mind, and show it to another mind. At once her 
countenance lighled up with a human expression. It 
was no longer as a mere instinctive animal; it was an 
immortal spirit, eagerly seizing upon a new link of 
union with other spirits. I could almost fix upon the 
moment when this truth dawned upon ber mind, and 
spread ita beams upon her countenance; I saw that the 
great obstacle was overcome, aud that henceforth 
nothing bnt patient and persevering, but plain and 
straightforward, efforts were neecssary. 
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"The resnit, thna far, iB quickly related and easily J 
conceived; but not so was the process, for many weeks ■ 
of apparently unprofitable Ubour were spent before it J 

was effected. I 

" The next step was to procura a set of metal types, I 
with the (iiffoffnt letters of the alphabet east separately I 
on their ends; also a board, in which were square holes, I 
into which slie could set the types, so that the ietlera I 
could alone be felt above the surface, 1 

" TiiuB, on any article being handed to her, as a pencil 1 
or watch, she would select the component letters and I 
arrange them on the board, and read them with apparent I 
pleasure, assiii-ing her teacher that she understood by I 
taking all the letters of the word and putting' them to I 
her ear, or on the peacil." | 

It is unnecessary, from my present point of view, to 
carry the narrative further, interesting as it is. I will 
only observe that even in the case of Laura Brldgman 
the process was one of much difficulty and cequii-ing 
great patience. Fur a long while it was found im- 
possible to make her realize the use of adjectives ; she A 
conld not " understand any {general expression of f 
quality." Afain, we are told that "Some idea of tlia 
difficulty of teaching her common expressions may he | 
derived from the fact that a Ifsaon of two hours upon j 
the words 'right' and 'leit' was deemed very profitable J 
if she had in that time really mastered the idea." 

Now, it seemed to me that the ingenious method 1 
devised by Dr. Howe, and so successfully carried 
out in the case of Liiura Bridgman, miirht be adapted i 
to the case of do3;8, and I have tried this in a small | 
way with a black poodle named Van. 
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Van and ma Cards. 
I took two pieces of carilboard about ten inr^hes by 
f- three, and on one of them printed in large letters the 
fcirord 



FOOD 



F leai'ing the other blank. I then placed the two 

\ cards over two saucers, and in the ooe under the 

" food " card put a little bread and milk, which 

I Van, after having hi3 attention called to the card, 

I was allowed to eat. This was repeated over and over 

again till he had had enough. In about ten days he 

began to distinguish between the two cards. I then 

put them on the floor and made him bring them to 

me, which he did readily enough. When he brought 

the plain cai-d I simply threw it back, while when he 

brought the "food" card I gave him a pifce of bread, 

and in about a month he had pretty well learned to 

realize the difference. I then had some other cards 

printed with the words "out," "tea," "bone," "water," 

and a certain number also with words to which 

1 did not intend him to attach any significance, such 

as " nought," " plain," " ball," etc. Van soon learned 

that bringing a card was a request, and soon learned 

I to distinguish between the plain and printed cards; 

[ it took him longer to realize the difference between 

I words, but he gradually gnt to recognize several, such 

" food," " out," " bone," " tea," etc. If he was asked 

I whether he would like to go out for a walk, he would 

I joyfully iish up the "out" card, choosing it from 

I several others, and bring it to me, or run with it in 

f evident triumph to the door. 
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MY DOG VAN. 



? 



I need hardly say that the cards were not always piil 
in the eame places. They were varied quite indiscrimi- 
nately and in a great variety nf positions. Nor could 
the dog recognize them by scent. They were all alike, 
and all continually handled hy us. Still, I did not trust 
to that alone, but had a nomber printed for each word. 
When, for instimfe, he brought a card with "food" on 
it, we did not put down the same identical card, but 
another bearing the same word; when he had brought 
that, a third, then a fourth, and so on. For a single 
meal, therefore, eighteen or twenty cards would be 
used, so that he evidently is not guided by Bcsut. No 
one who has seen him look down a row of cards and 
pick up the one he wanted could, I thiuk, doubt tli 
in bringing a card he felt that he is making 
request, aud that he could not only distinguish orn 
card from another but also associate the word an( 
object. 

I used to leave a card marked " water" in my dreBS^l 
ing-room, the door of which we used to paan in going 
to 01- irom my sitting-room. Van was my constant 
companion, and passed the do t wiien I was at home 
several times in t!ie diiy. Generally he toipk no 
of the card. Hundreds, or I may S'ly thousands, ofj 
times lie passed it unnoticed. Somelimes, however, he; 
would run in, pick it up, and bring it to me, when ofl 
course I gave hiiu some water, and on such occasions I 
invariably found that he wanted to drink. 

I might also mention, in oorrobo'ation, that one 
morning l)e seemed unwell. A friend, being at break- 
fast with ua, was anxious to see him bring his cardfi, and 
I therefore pressed him to do so. To my surprise h?' 
brought three dummy cards successively, one marVe( 
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rprise h^'^^H 
marVed^^l 
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"faain," one "bug," and one " brush," I said re- 
proacli fully, "Oh, Vau! bring "food," or "tpa;"on 
which be loobed at me, went very slowly, and brought 
the "tea" card. But when I put some tea down aa 
naual, he would not touch it. Generally he greatly 
enjoyed a cup of tea, and, indeed, this nas the only 
time I ever knew him refuse it. 

A definite numerical statement always seeina to me 
clearer and more satisfactory than a mere general 
assertion. I will, therefore, give the actual particulars 
of certain days. Twelve cards were put on the floor, 
one marked "food" and one "tea." The others had more 
or less similar words. I may again add that every time 
a card was brought, another similarly marked was put 
in its place. Van was not pressed to bring cards, but 
aimply left to do as he pleased. 

1 Van bmught "food" 1 timca. "Tea"2[ime8. 



1 

I 



Thus out of 113 times he brought food 80 times, tea 

31 times, and the other 10 cards only twice. Moreover, 

the last time he was wrong he brought a card — namely, 

door" — in which three letters out of four were tlie 

ime as in " food." 

H 
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280 ATTEMPTS TO CONVEY IDEAS. 

This IB, of course, only a begiiming, but it is, I 
venture to think, snggestive, and migLt be carried 
further, though the limited wants and aspirations of 
the animal constitute a great difficulty. My wife has 
a beautiful and charming collie. Patience, to whom we 
are much attached. This dop; wns often in the room 
wheu Van brought the " food " card and was rewarded 
with a piece of bicad. 8he must have seen tbis tbou- 
siiuds of times, and she begged in the usual 
hut never once did it occur to her to bring a car4> 
She did not touch, or, indeed, even take the slighteE 
notice of them. 

1 then tried the following experiment: — I prepan 
six cards about ten inches by three, and coloured 
pairs— two yellow, two blue, and two orange. I put onal 
card of easli colour on the floor, and then, holding up oue 
of the others, endeavoured to teach Van to brin; 
the duplicate. That is to say, that if the blue 
held up, he should fetch the corresponding colour from 
the floor; if yellow, he should fetch the yellow, ani 
so on. When he brought the wrong card he was made' 
to drop it and return for another, until lie brought the; 
right one, when he was rewarded with a little food, 

We continued the lessons for nearly three month^! 
but as a few days were missed, we may say for ten 
weeks, and yet at the end of the time I cannot say that 
Van appeared to have the loast idea what was expected 
of him. It seemed a matter of pure accident which 
card he brought. There is, I believe, no reason 
doubt that dogs can distinguish colours ; but as it \ 
just possible that Van might be colonr-blind, we then 
repeated tiie same experiment, only substituting for then 
coloured cards others market respectively with one^' 
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twOj and tbree davk bands. This we oootinued for 
another three months, or, say, allowing for intermisaions, 
ten weeks ; but, to my surpi'ise, entirely without success, 
for we altogether failed to make Van understand what 
we wanted. I was rather disappointed at this, as, if 
it had succeeded, the plan would have opened out many 
intereating lines of inquiry. Still, in such a case one 
ought not to wish for one result more than another 
as, of course, the object of ail such experiments is 
merely to elicit the truth, and our result in the present 
case, though negative, is very ioteresting. I do not, 
however, regard it as by any means conclusive, and 
should be glad to see it repeated. If the result proved 
to be the same, it would certainly imply very little 
power of combining even extremely simple ideas. 

Can Animals count ? 

I then endeavoured to get some insight into the 
arithmetical condition of the dog's mind. On this 
subject I have been able to find but liltle in any of 
the standard works on the intelligence of animals. 
Considering, however, the very limited powers of 
savage men in this respect — that no Australian 
language, for instance, contains numerals even up to 

I four, no Australian being able to count his oivn fingers 
even on one hand — ne cannot be surprised if other 
animals have made but liltle progress, Still, it is 
curious that so little attention should have been 
directed to this subject. Leroy, who, though he ex- 
presses the opinion that " the nature of the soul of 
Bnimala is unimportunt," was an excellent observer, 
mentionB a case in which a man was anxious to shoot 
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PREVIOUS OBSERVATIONS. 



1 

an was ^H 



a crow. " To deceive this sUHpicioua bird, the plan 
hit upon of sending two men to the watch-house, one 
of whom passed on, while tlie other remained ; but the 
crow counted, and kept her distance. The next day 
three went, and again she perceived that only two 
retired. In fine, it was found neceBsary to send five oc 
six men to the watch-house to put her out in her 
calculation. The crow, thinking that this number of- 
men had passed by, lost no time in returning." From 
this he iuferrcd tliat crows could count up to four. 
Lichtenbcrg mentions a nightingale which was said to. 
count np to three. Every day he gave it three meal- 
worms, one at a time ; when it had finished one it 
returned for another, but after the third it knew that 
the fcaat was over. I do not find that any of the recent 
works on the intelligence of animals, either Buchner, 
or Peitz, or Romanes in either of his books, give any 
additional evidence on this part of the subject. There 
are, however, various scattered notices. 

According to my bird-nesting recollections, which I 
have refreshed by more recent experience, if a nest 
contains four eggs, one may safely be taken; but if 
two are removed, the bird generally deserts. Here, then, 
it would seem as if we had some reason for supposing 
that there is sufficient intelligence to distinguish three 
from four. 

An interesting consideration rises also with refer- 
ence to the number of the victims allotted to each 
cell by the solitary wasps. Ammophila considers one 
large caterpillar of JVocfwci aegelum enough; one species 
of Eumenes supplies its young with five victims; 
one ten, another fifteen, and one even as many as 
twenty>four. The number is said to be constant in 
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ipecies. How, then, does the insect know when her 
task is fulfilled! Not by the cell being filled, for if 
some be removed she does not replace tljem. When 
she has brought her complement she consi'lers her task 
' aeoomplished, whether the victims are still there or 
' not. How, then, does she know when she has made 
np the number twenty-four? Perhaps it will be said 
that each species feels some mysterious and innate 
tendency to provide a certain number of victims. 
Thb would not under any circumstances be an ex- 
planation, nor is it in accordance with the facts. In 
the genus Eumenes the males are much smalier 
than the females. Now, in the Iiive bees, humble 
bees, wasps, and other insects where' aueh a differ- 
ence occurs, but where the young are directly fed, it 
is, of course, obvious that the quantity cau be pro- 
portioned to the appetite of the grub. But in insects 
with the habits of Eumenes and Ammophila the case is 
different, because the food is stored up once for all. 
Now, it is evident that if a female grub wan supplied 
with only food enough for a male, she would starve lo 
death ; while if a male grub were given enough for a 
female it would have too much. No such waste, how- 
■, occurs. In some mysterious manner the mother 
knows whether the egg will produce a male or female 
grub, and apportions the quantity of food accordingly. 
She does not change the species or size of her prey ; 
but if the egg is male she supplies five, if female ten, 
victims. Does she count? Cert-ainly this seems very 
like a commencement of arithmetic. At the eame time, 
would he very desirable to have additional evidence 
before we can arrive at any certain conclusion. 

Considering how much hae been written on instinct, 
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a crow. " To deceive this suspicionB bird, the 
hit upon of sending two men to the watch-ho 
of wLom passed on, while the other remained ; 
crow counted, and kept her distance. The n 
three went, and again she perceived that oi 
retired. In fine, it waa found necessary to send 
six men to the watch-house to put her out 
calculation. The crow, thinking that this nni 
men had passed by, lost no time in returning." 
this he inferred tiiat crows could count up fc 
Lichtenberg mentions s nightingale which was < 
connt up to three. Every day he gave it three 
worms, one at a time ; when it had finished 
returned for another, but after the third it kne» 
the feast was over. I do not find that any of the i 
works on the intelligence of animals, either Bac 
or Peitz, or Eomanes in either of his books, giv- 
additional evidence on this part of the subject ') 
are, however, various scattered notices. 

According to my bird-neating re collect ions, wh*.^ 
have refreshed by more recent experience, if a » 
contains four eggs, one may safely be taken; hi.. 
two are removed, the bird generally deserts. Here, t^^ 
it would aeeni as if we had some reason for Buppo^ 
that there is suEBcient intelligence to distinguish tl^ 
from four. ^ 

An interesting consideration rises also with 
ence to the number of the victims allotted to 
cell by the solitary wasps, Ammophila eonaidera 
large caterpillar of J/beiiftt set/etum enougb; oiie s) 
of Eiimenes supplies its young with f 
one ten, another fifteen, and one even aa mtu 
twanty-four. The Dumber ia said to be con^ 



284 



MB. HUGGINS'S EXPERIMENT. 



I 



it seems sarprlaing that so little attention has beetfj 
directed to this part of the suhject. One would fancyX 
that there ought to be no great diiEciilty in deteticining' 
how fer an animal can count; and whether, for in- 
stance, it could realize some very simple sum, such as 
that two and two matte four. Eut when we come to 
consider how this is to be done, the problem ceases to 
appear so simple. Wo tried our dogs by potting a 
piece of bread before them, an^ preventing them irom 
touching it until we had counted seven. To prevent 
ourselves from unintentionally giving any indicationj 
we used ametronome (the instrument need for marking 
time when practising the pianoforte), and to make the 
beats more evident we attached a slender rod to the J 
pendulum. It certainly seemed as if our dogs knew I 
when the moment of permission had arrived ; but their 1 
movement of taking the bread was scarcely so definite 
as to place the matter beyond a doubt. Moreover, 
dogs are so very quick in seizing any indication given 
them, even unintentionally, that, on the whole, the I 
attempt was not satisfactory to my mind. I was the J 
more discouraged from continuing the experiment inl 
this manner by an account Mr. Huggins gave me of a 1 
very intelligent dog belonging to him. A number of J 
cards were placed on the ground, numbered respectively I 
1, 2, 3, and so on up to 10. A question was then asked : i 
the square root of 9 or 16, or such a sum as G+55 — 
Mr. Huggins poiuted consecutively to the cards, and 
the dog always barked when he came to the right one. . 
Now, Mr. Huggins did not consciously give the dog any I 
sign, yet bo quick was the dog in seizing the slightest J 
indication, that he was able to give the correct answer.- j 
"The mode of procedure is thi.^. His master tella 4 
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him to sit down, and sbows him a piece of cake. He is 
then questiuned, and barks his answers. Siiy he is 
asked what is the square root of 16, or of 9; he will 
bark four or tliree times, as the case may be. Or 

such a snm as ^'^'^~- - he will always answer correctly. 
The piece of cake is, of course, the meed of such 
cleverness. It must not be supposed that in these 
performances any sign is consciously made by hla 
questioner. None whatever. We explain tlie per- 
formance hy supposing* that he rends in his master's 
expression when lie has barked rightly; certainly he 
never takes hia eyes from his master's face."* 

This observation seems to me of great interest in 
connection with the so-called "thought-reading." No 
one, I suppose, will imagine that there was in this 
case any "thought-reading" in the sense in which 
this word is generally used. Evidently "Eepler" 
seized npon some slight indication uuiuteutionaily 
given by Mr. Iluggins. The observatioD, however, 
shows the great difficulty of the subject. 

The experiments I bave made are, I feel, very 
incomplete, but I have ventured to place them on 
record, partly in hope of receiving some suggettionp, 
and partly in hope of inducing others with more 
leisure and opportunity to carry on similar observa- 
tions, which I cannot but think must lead to infcrcsting 
results. 

* U. L. Muggins, " Kepler i a Bio^riL]jljy," 
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Acalles, 66 

Acanthopleara, 15, 145 

Acheta, 6i; 63, 97, 117 

Acridiidse, 100, 106 

Actinia, 13 

Ageronia, 73 

Aglaara, 188 

Alciopidse, 14, 22, 137 

Ammophila, 243, 282 

Amphibia, 32, 129 

Amphicora, 87 

Amphioziis, 129 

Angler, 186 

Anguis, 126 

Annelides, touch, 13 ; taste, 22 ; 

smell, 34; hearing, 87 ; sight, 134; 

problematical organs, 189 
Anobinm, 67 
Anoxia, 251 
Anthidiam, 71 
Anthrax, 251 
Ants, 24, 31, 43, 56, 69, 107, 115, 

178, S02 
Apion, 94 
Apis, 26, 29, 58, 69, 70, 115, 150, 

172, 194, 258, 283 
Area, 141 
Arenicola, 87 

Arithmetic of animals, 281 
Arthropods, touch, 16 ; taste, 23 ; 

smell, 35 ; hearing, 88 ; sight, 146 ; 

problematical organs, 188 
Articulata. See Annelides, Insects 



Ascidians, 129 

Asellus, 48 

Astacus, 23, 51, 88 

Asteracanthion, 133 

Asterope, 22 

Astropecten, 132 

Ateuches, 66 

Auditory hairs, 16, 79, 85, 88, 116 

organs, 77 

rods, 18, 104, 111 

B 

Balanus, 220 

Bee, hive. See Apis 

Bee, solitary, 242 

Beetles. See Coleopteia 

Bembex, 242, 246 

Birds, 129, 282 

Blatta, 46, 152 

Blethisa, 68 

Blind spot in eye, 125 

Bohemilla, 13, 134 

Bombardier beetle, 65 

Bombus, 28, 70, 73, 178, 283 

Bostrychida, 67 

Brachinus, 64, 68 

Brachyura, 90 

Butterfly. See Lepidoptera 



Calanella, 159 
Cilotis, 127 
Callianassa, 50 
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Camponotos, 208 
Capitellidoe, 34 
Capricorn beetle, 96 
CarcinuSf 92 
Cards, Van and his, 277 
Carinaria, 87 
Caterpillars, 23, 243, 259 
Cats, 262 
Centipedes, 49, 74 
Cephalopoda, 34, 141 
Cerambyx, 67, 95, 96 
Ceratius, 186 
Ceratophyus, 68 
Chalcidida, 27 
Chalicodoma, 251, 262 
Chiasognathus, 68 
Chitons, 15, 144 
Cicadas, 61, 64, 151 
Cicadidse, 151 
Clepsine, 134 

Cockchafer. See Melolontha 
Cockroach, 46, 152 
Coelenterata, touch, 11; taste, 22; 
smell, 33 ; hearing, 82 ; sight, 131 
Coleoptera, 58, 67, 111, 151 
Collie, 280 

Color of deep-sea fish, 185 
of flowers, 199 



., sense of, 190, 194, 202, 280 



Componotus, 239 

Compound eyes, 163 

Copepoda, 48 

Copilia, 158 

Copris, 68, 95 

Corephium, 145 

Corethra, 18, 113, 117, 151 

Corixa, 75 

Corti, the organ of, 80, 105 

Corycaius, 157 

Cossus, 148 

Count ? can animals, 281 

Crabs, 90, 92 

Crayfish. See Astacua 

Cricket. See Acheta 

Crioceris, 68 

Crow, 282 

Crustacea, touch, 16 ; taste, 23 ; 

smell, 46 ; hearing, 88 ; sight, 156 ; 

sense of color, 211 ; problematical 

organs, 188 
Crystalline cone, 166 



Culex, 68, 115 
Curculionidse, 68 
Cychrus, 68 
Cyclostoma, 140 
Cymbulia, 88 



Daphnia, 48, 206, 212 

Dead-nettle, 200 

Death-watch, 66 

Dias, 220 

Dinetus, 39 

Diptera, 52, 69, 110, 149, ISl 

Direction, sense of, 262 

Dog, intelligence of the, 272 

Dragon-fly. See Libellula 

Dytiscus, 5, 6, 112, 131, 146, ^67 

E 

Ear. See Auditory organs 

in tail of Mysis, 92 

, structure of the human, 78, 101 



Earthworms, 206 
Elaphrus, 68 
Elaterida, 67 
Erapusa, 176 
Endosmosis, 25 
Englena, 130 
Epeira, 146 
Ephippigera, 103 
Epithelial cells, 14. 20 
Epithelium, 11, 19 
Eristalis, 69, 174, 176 
Eucopidae, 85 
Eucorybar, 74 
Eumenes, 245, 282 
Euphausia, 161 
Eurycopa, 189 
Eutima, 83 
Evaneadae, 27 
Eye, compound, 163 

of man, 121 

, pineal, 126 



-, simple, 170 



F 



Fish, 182 
Flowers, 200 
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FI7. See Mnsca 
Forficula, 151, 167 
Formica. See Anta 



G 

Gamnianis, 49, 188 
Gasteropods, 86 
Geotrapes, 68 
Geryonia, 86 
Glomeris, 50 

Glossopharyngeal nerves, 19 
Gnat, 68, 115 „ 
Gryllotalpa, 102 
Gryllus, 63, 98, 106, 108 



Hairs, auditory, 16, 79, 85, 88, 116 

, depressed, 17 

, flattened, 56 

, glandular, 29 

f hollow, 17 

in insects, 16 

of touch. See Tactile 



-, olfactory, 16, 25 

-, ordinary surface, 16, 56 

-, plumose natatory, 16, 94 

-, simple, 18 

-, solid, 17, 82 

-, tactile, 16, 18, 28, 29, 56 



, taste, 16, 28 

Haliotis, 5, 139 

Hattaria, 127 

Hearing, organs of, in Vertebrata, 77 ; 

Coelenterata, 82 ; Mollusca, 86 ; 

Annelida, 87 ; Arthropods, 88 

, sense of, 60, 97 

Helix, 14, 139 

Hemiptera, 112, 151 

Hesione, 135 

Humble-bee. See BombuR 

Hydaticus, 40 

Hydrachna, 28 

Hydromedusae, 86 

Hydrophilus, 168 

Hydrozoa, 13 

Hyloeus, 58 

Hymenoptera, 23, 25, 56, 57, 58, 69, 

70, 96, 151, 181, 250 



Hyperia, 171 
Hypoderm, 5, 16 



Ichneumon, 54, 58 

Ichthyosaurus, 129 

Infusoria, 11 

Insects, touch, 16 ; taste, 23 ; smell, 

35, 52; hearing, 61, 94; sight, 

146 ; problematical organs, 188 
Instinct — 

Ant, 202, 232, 267 

Bee, hive, 194, 253 

, solitary, 255, 260, 262 

Birds, 282 

Bombardier beetle, 64 

Change in, 244 

Crustacea, 90 

Daphnia, 229 

Dog, 272 

Fish, 186 

Fly, 174, 177 

Dmitation of, 253 

Of direction, 262 

Onchidium, 144 

Paussus, 65 

Wasp, solitary, 243, 282 
Isopteryx, 109 



Jelly-fish. 
Julus, 49 



See Medusa: 



Labyrinthodons, 129 

Lacerta, 126, 128 

Lamellibranchiata, 14, 141 

Lamellicomia, 37, 52 

Lamium, 200 

Lampyris, 167 

Lancelet, 129 

Lasius. See Ants 

Laura Bridgman, 273 

Leech, 189 

Lema, 68 

Lepidoptera, 37, 71, 94, 111, 148, 

151, 168, 181 
Leptodora, 156 
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Nesticiu, 180 
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Nanroptera, 111, 151 
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Kewta, 207 


Limpet, 4, 138 


Noctua, 73, 243, SB2 


Limulni, 159 




Lithobiu!, ISS 





Liziia, 13a 


Lobslsr, flO, 81 


Oteanidffi, 88 


LocnaU, GH. 09, 100, 111, 149, 170 


Ocypoda, 81 


^B_ Longicom beetles, 6<>, 9S 


OdyDtriui, 247 


■■ LaeSnuB, 43, 53 


CBstrus, 14S 


^H Lucilin, 177 
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